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SUMMARY
The object of this work has been the improvement of the existing knowledge 
of the spectral distribution of power of daylight, i .e .  the relative proportions of 
the various wavelengths p resen t. The work differs from  previous studies in 
that (i) m easurem ents have been made at much sm alle r wavelength in tervals,
(ii) the sampling conditions have been chosen to m ore nearly  rep resen t those 
applying in actual buildings, (iii) and that m easurem ents have been made in both 
urban and ru ra l locations. With one exception, all previous studies have been 
made in other countries, m ostly in the U .S .A .
The method used has been that in which the spectral distribution of daylight 
is determ ined by com parison with that of a known source - a tungsten lamp 
running under accurately controlled conditions. The spectral distribution has 
now been observed on 434 occasions. The resu lts  have shown no startling  
difference between urban and ru ra l locations, but there  is c lea r evidence th a t , 
the spectral distribution in London is affected by large  amounts of diffusing 
m ateria l in the atm osphere.
Attempts have been made to co rre la te  the resu lt obtained on any occasion, 
with the prevailing w eather conditions and tim e of day. These have indicated 
that the position of clouds relative to the observing station have a fa r  la rg e r  
effect than any other factor, save when the sky is fully overcast.
The resu lts  have been com pared with the le ss  detailed ones of previous 
studies; there  is general agreem ent over the visible range but there  a re  wide 
differences in the n ear u ltra-v io let region. The resu lts  of this study a re  in 
rem arkable agreem ent with a recent study made in South A frica, and indicate
discrepancies in the internationally agreed values fo r typical spectral 
d istributions.
By reference to values of daylight illumination, a few resu lts  have been 
translated  into te rm s of absolute, ra th e r than relative spectral power 
distribution.
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INTRODUCTION
Introduction
The object of this work has been, and continues to be, the 
improvement of our knowledge of the spectral distribution of power of 
daylight. Although various studies of this kind had been made, there 
were few relating to the sky conditions in this country, and these had 
mostly been made in low resolution. Demands for complete knowledge 
of this highly variable quantity come from  the fields of colorim etry, 
illuminating engineering, horticulture, and medicine; knowledge of this 
kind is also wanted in the paint and textile in d u stries .
Skylight obviously varies widely with sky conditions, and significant 
resu lts  may only be obtained by making a large num ber of observations 
on a number of occasions and effecting correlation  with the sky conditions. 
It would be ideal to make m easurem ents all the year round; labour 
difficulties have so fa r  prevented th is, but the period from  July to 
February  has been covered.
The effect of atm ospheric pollution on the distribution is by no means 
known. Nearly all other studies have been made in much pu rer 
atm ospheres than those prevalent in this country. Accordingly 
m easurem ents have now been taken, using the same apparatus, both in 
London and in the countryside, to see if any difference could be detected.
The method used was that in which the SPD*of the unknown light 
source (the sky) was compared with that of a known source (standard 
illuminant A) by scanning the spectrum  of each in turn  with a mono­
chrom ator and photom ultiplier connected to a recording potentiom eter.
*The abbreviation SPD is used for "spectra l power distribution".
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Then if at any one wavelength \  , the reading obtained on the sky was 
S ^  , and that of the standard illuminant was A ^  , the relative power
of the unknown source would be given by
Es = - ^ ' Ea
In all cases only relative m easurem ents of power w ere made, i .e .  
relative to the power of a chosen wavelength at the centre of the spectrum  
A typical resu lt is shown in fig. 1. (For the sake of c larity , the units 
used to indicate the wavelength scale in the figures a re  hundreds of 
Angstrom units, e .g . ”30” indicates 3000A and ”80" indicates 8000A. 
Wavelengths a re  expressed in Angstrom units in the text).
The Scope of the Project
The scope of this re search  has been lim ited by the manpower 
available. The original intention was to cover the wavelength range 
from  3000A, roughly the lower lim it of the daylight distribution, to 
about 2 0 ,000A; fo r this reason it was decided to f irs t study the range 
3000A-8000A, and so fa r all the m easurem ents have been confined to 
that range. The m easurem ents a re  now being extended to the near 
in fra-red  region.
The scope of this work has been slightly a ltered  as resu lts  of other 
w orkers have been announced; it is the au thor's  intention that this 
project should complement ra th e r than duplicate the work of o thers, 
save in those regards where confirmation of resu lts  was c learly  called 
fo r. F or that reason different daylight sampling arrangem ents w ere 
used, and the g reat bulk of the m easurem ents w ere made in finer 
resolution, than those used in previous studies.
Originally readings were taken at every 100A over the range 3500- 
7000A. A total of 43 observations were thus made in the sum m er of 1963. 
The apparatus used was capable of better resolution, and a fu rther set of 
391 observations has now been made. Most of these w ere made in 
London, and some at Saffron Walden in Essex. In this large se rie s , 
readings w ere made at 10A intervals over the range 3000-8000A and the 
resu lts  were translated  d irectly  from  the reco rd er to punched paper tape. 
These two sections of the work a re  re fe rred  to as "phase I" and "phase II" 
in this th e s is .
It was soon obvious in phase II that it was not possible to adequately 
cover the spectral range using the single type of detector system  available. 
M easurements were therefore  made over the range 3000A-8000A, but only 
resu lts  over the range 3300A-7000A a re  put forw ard here  for publication.
The resu lts  obtained have been compared with those of other w orkers 
(section 7) and mean resu lts  for 10A wavelength in tervals a re  given in 
tabular form .
The Method Used
It was originally thought that absolute m easurem ents under field 
conditions would be beyond the resou rces available, so a com parative 
method was used. When a large num ber of observations had been made 
some m easurem ents of sky illumination enabled a few estim ations of the 
absolute energy values to be added to the com parative re su lts .
The author's experience of m easurem ents of the SPD of light 
sources led to the choice of a "sequential" com parative method ra th er 
than a "sim ultaneous" com parative method. In the "sequential" method, 
the en tire wavelength range is scanned with one light source (say the
calibrating source) whilst the output of the light detector is recorded; the 
process is then repeated for the unknown source, and by use of eqn. 1 at 
each wavelength, the SPD of the unknown source is determ ined. In the 
'"sim ultaneous" method the detector outputs from  both light sources a re  
m easured at a single wavelength, and the monochromator is then advanced 
to the next wavelength at which readings a re  taken. The main advantage 
of the simultaneous method is that there  is no need for the sensitivity of 
the detector to rem ain constant over long p eriods. However some optical
" beam switch” m ust be introduced which is not necessary  in the sequential
(
method. The author’s experience of m odem detectors is that although 
there may be a slight variation of th e ir overall sensitivity during a period 
of several hours, the shape of the spectral curve obtained is rem arkably 
constant. The sequential method was therefore chosen.
Conditions for Accuracy
In this method two essential conditions m ust be satisfied . F irs tly , 
the detector sensitivity must rem ain constant during the interval between 
scans of the two sources, and secondly, p recise ly  the sam e sensitive 
a reas  of the detector surface and of the various lens and prism  surfaces 
in the monochromator m ust be used in the two c a se s .
A number of other conditions also apply; the response of the detector 
must be proportional to the intensity of radiation at any one wavelength, 
and the recording apparatus m ust record  it faithfully. The wavelength 
calibration of the m onochromator must rem ain constant for long periods 
when it is standing out of doors. The monochromator should not pass 
s tray  light, i .e .  light whose wavelength differs from  that of the desired  
narrow  transm ission  band; and the transm ission  band width should be
narrow er than the reading in te rv a ls .
C lassically, both sources should be of constant intensity. Whilst 
this occurs naturally in the case of the calibrating source, the intensity of 
daylight is fa r from constant, often varying by factors of 2:1 in a few seconds. 
A monochromator and detector, sampling the sam e light from  the sky, but 
kept at a fixed wavelength at the centre of the spectrum , was used to 
overcome the effect of this variation. The signal thus provided was used 
as the reference signal for the recording potentiom eter with which the 
output from  the detector attached to the scanning m onochromator was 
m easured. If, say, the daylight intensity suddenly increased, then both 
sample and reference signals would increase in the sam e proportion, so 
that the readings of the potentiom eter w ere not affected.
It should be noted that this device could only account for changes of 
overall intensity. If the sky SPD changed during m easurem ent, it could 
not be corrected . Strictly, a second m onochromator was not necessary , 
but it offered the possibility of obtaining a reference signal of closely 
s im ilar nature to the sky signal, and fo r testing purposes a reference 
signal identical with the sky signal, save fo r its  magnitude, could be 
obtained by setting both m onochrom ators to the same wavelength. This 
device for overcoming the variation of sky intensity is re fe rred  to as 
"automatic brightness compensation” .
1.5 Calibrating Sources
The source of known energy distribution used was standard 
illuminant A, i .e .  a gas filled tungsten lamp running at a colour 
tem perature of 2854°K. The light was diffused by reflection from  
magnesium oxide, so that the essential condition of uniformly
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illuminating the monochromator optics was m et. The MgO screen was
illuminated norm ally by the lamp, and light reflected at 45° passed
directly  into the entrance slit of the monochromator, as shown in fig. 2.
Magnesium oxide was chosen for this purpose as (a) its diffuse
spectral reflectance factor is known to be very  nearly  uniform*, and (b)
4 5no other m ateria l yet developed has proved superior ’ . A fresh  MgO 
screen was made on every day on which runs were ca rried  out; the 
screens were produced by burning magnesium ribbon and collecting the 
resultant smoke on a polished b ra ss  plate which had been coated with an 
aluminium film . Sufficient MgO was deposited to form  a layer at least 
l^m m  thick.
It was assum ed that the lamp was a tru e  Planckian rad ia to r whose 
tem perature was 2854°K. This assumption c learly  failed in the wave­
length region below 3700A, owing to the opacity of the lamp envelope. 
Attempts w ere made to use tungsten-iodine lam ps, which have quartz 
envelopes, as standards for this region. Unfortunately the lamps 
available when most of the m easurem ents w ere made w ere not 
sufficiently stable when run on stabilised D .C . supplies. The work of
3
Buchanan indicates that arcing was probably occurring between the
closely packed turns -of the filament* . U ltim ately a sim ple extrapolation
technique (see section 3.4) was used to extend the effective range of
standard ilium inant A to 3000A.
The lamps used w ere of the 500 watt p ro jector lamp "tall envelope"
type, i .e .  they consisted of a 500 watt filam ent mounted in the envelope
norm ally used for 1000 watt lam ps. This arrangem ent has the advantage
16* Winch has subsequently used them successfully for this purpose
S k y  l i g h t
inc iden t  from
all d i r e c t io n s
Vit ro l i te  p la te
set at 45'
to ver t i ca l
Monochromator 
used for br ightness 
reference
Monochromator used for 
S.E.O. measurement
Fig. 3 Plan view of the Vitrolite plate and 
monochromators
that the eventual blacking of the envelope occurs at the top of the envelope,
leaving the filament area  c lea r. The lamps w ere nominally of 100 volt
rating, so that the voltage for 2854°K was about 75 volts.
The lamps w ere calibrated at the N .P .L . and the colour tem perature
was maintained by running them at the specified voltage. Stabilised power
2units of the type described by the author w ere used and the specified 
voltage (about 75 volts) could be maintained within about "t 0.01 volt for 
periods of up to an hour, without any human supervision. The lamp 
voltage was checked by the use of ’’potential leads” soldered on to the 
lamp holder connections fo r the power leads; the potential was reduced to 
l/100th of the original value by a voltage ratio  box, and that fraction was 
m easured with a "Cropico” type P3 precision potentiom eter.
.6 The M easuring Procedure
The procedure adopted was to make a calibrating run at the beginning 
of the day's work, using a freshly  prepared  MgO screen . Then a number 
of sky runs would be recorded; at the end of the day a second calibrating 
run would be made.
It was assum ed that if the two calibrating runs w ere in close agreem ent 
1% over m ost of the range), then it was satisfactory  to take the mean 
value at each wavelength. It was however often found that the overall 
sensitivity had drifted by a few p er cent during the course of the day, 
although the shape of the curve did not change by m ore than ~t 1%. This 
was anticipated from the author’s experience of this type of measurement 
in previous stud ies . It might be due to slight tem perature changes of the 
cathode of the photom ultiplier, but was m ore probably due to slow drift of 
the EHT voltage used to energise it. Since 11 -stage m ultip liers w ere

used, one would expect the sensitivity of the photom ultiplier to depend on 
the sixth power of the EHT voltage; so 1% drift (over several hours) of 
EHT voltage would resu lt in a 6% change of overall sensitivity.
This drift effect was neglected in the calculations since it only occurred 
over long periods. When calibrating runs w ere made in succession the 
agreem ent between the values obtained fo r any one wavelength was generally  
good, and better than + 1%. Since the calculations w ere only concerned 
with relative SPD's the values obtained on the second calibrating run w ere 
all multiplied by a constant factor to ’’match" them with those of the f irs t  
run in o rder to simplify the daily check on the shape of the sensitivity 
curve. When the drift was levelled out in this way, it was found that the 
shape of the sensitivity curve barely  varied from  day to day; in phase II 
all the calibrating runs w ere so close, a fter levelling, that calibration 
could safely have been carried  out at much longer in te rv a ls . (It was 
la te r  found that this effect was entire ly  due to EHT drift during the f irs t 
hour of operation).
The Sampling Arrangem ents
The light used in the m easurem ents was taken in a horizontal plane 
from  a large plate of pot opal white g lass , whose surface had been ground 
with carborundum. The plate was supported at 45° to the vertica l, 
facing either due North o r due South. This arrangem ent was chosen because 
it was desired  to sim ulate the conditions met with on a sloping roof, as 
commonly used in factories o r greenhouses; resu lts  have been recorded 
separately for "North facing conditions" and "South facing conditions".
It had the incidental advantages that the operating plane of the mono - 
chrom ator could be horizontal and that the m onochromator could stand at
ib
a large distance from  the white screen (about 5 m etres) so that the 
proportion of sky obscured was sm all. The layout of the apparatus is 
shown diagram atically in fig. 3, and fig. 4 shows the actual apparatus in 
use at Saffron Walden.
It was necessary  to take the reflectance of the glass plate into account 
in the calculations. If it is assum ed that its  reflectance at wavelength X  
is , and that the MgO diffuser used with standard illuminant A has 
100% reflectance, then equation (1) m ust be modified thus:-
EC = I * -  • <2>
S X /©>
The reflectance under diffuse conditions was determ ined in a se rie s  
of auxiliary experim ents, which a re  described in the following section.
10(H
80 -
Reflection
Factor
40 -
DESCRIPTION OF THE APPARATUS 
In work of this kind it is necessary  to te st and calib rate  apparatus 
rigorously, and therefore descriptions of such tests  a re  included in this 
section. The apparatus has been modified in detail as the work has 
progressed, though no m ajor a lteration has been made, save for the 
introduction of a digitising system  fo r phase II. The descriptions given 
apply to the apparatus in its la test form , unless otherwise specified.
The White Reflector Plate
The diffuse white plate consisted of a sheet of pot opal g lass , of the
kind generally known as ’’V itro lite1', and was about 8 mm thick. This
m aterial was chosen since it offered the possibility of using a large
diffusing screen, and (although fragile) it is  perm anent. A piece about
90 x 75 cm was used. The m ateria l originally had a smooth surface
which gave some specular reflection; it was therefore  thoroughly ground
with carborundum powder to produce a tru ly  diffusing surface. The back
surface was corrugated to a depth of about 1 m m. S im ilar m ateria l has
6been used by Henderson but unfortunately the variations of the spectral 
reflection factor from  m elt to m elt render com parisons of reflection 
factor m easurem ents valueless. The screen  was mounted at 45° to the 
vertical, and lay upon an aluminium sheet, which was painted m att white. 
It was assum ed that if any sm all amount of light did penetrate the v itro lite  
completely and subsequently re-em erged  from  the front surface, the SPD 
of that sm all portion would be little  altered; it seem s unlikely that this 
amount of light would be la rg e r than 0.1% of the to tal. The v itro lite  
plate and its  stand may be seen in fig. 4.
The use of the v itro lite  plate has been critic ised  on the grounds (a)
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that it might not act as a uniform diffuser and (b) that it introduces an 
unnecessary factor, i .e .  its  reflection factor, which has to be m easured 
and accounted fo r. The point (a) has been stringently tested  under rea l 
conditions, by setting both scanning and reference m onochromators to the 
same fixed wavelengths whilst d irect sunlight was interrupted by broken 
clouds. Whenever the sun was obscured or exposed, the reco rd er pen 
barely moved - the deflection was possibly altered  by le ss  than \% of its 
value, indicating that the v itro lite  was operating as a uniform diffuser.
The point (b) is outweighed by the convenience of using a very  large 
piece of reflecting m ateria l, the ease with which it could be cleaned, and 
its relative perm anence. Its large size enabled the m onochromators to 
be kept well away from  it; m oreover th e ir  alignment did not have to be 
very critically  adjusted.
The Determination of the Spectral Reflection 
Factor of the V itrolite
It was necessary  to determ ine the spectral reflection factor of the 
vitro lite plate in a se rie s  of auxiliary m easurem ents, in which the 
illumination and viewing conditions resem bled those obtaining under 
sky illumination. The v itro lite  plate was placed in a darkened 
enclosure and lit by an a rray  of "Fhotoflood" lam ps disposed so as to 
produce illumination from  all directions, and it was viewed by the 
monochromator in the norm al way. The lamps w ere run on D .C . 
maintained at 240 volts by manual regulation of a se rie s  rheostat.
A run was made on the light reflected by the v itro lite . An 
aluminium plate, freshly  coated with MgO was then placed on top of the 
Vitrolite and a second run was m ade. The ratio  of the resu lts  at each
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wavelength gave the reflection factor.
Several m easurem ents were made, and to overcome the rapid ageing 
of the lam ps, runs w ere made in the o rder vitrolite-M gO -M gO -vitrolite
and the two sets of ra tios thus obtained were compared. The resu lts  
w ere consistent to + 1% over most of the range and the mean resu lt was 
taken as co rrec t; it is shown in fig. 6. The a rray  of lamps is shown 
in fig. . 5. A sm all e r ro r  was introduced by the thickness of the 
aluminium plate; it was constant for all wavelengths and therefore was 
of no account in our relative m easurem ents of SPD.
2 .3  The Monochromator
The m onochromator used was of the Optica CF 4 type, which employs 
a diffraction grating ruled with 600 lines/m m . A grating instrum ent 
was chosen, since the relatively  large  d ispersion resu lts  in much better 
constancy of wavelength calibration than can be obtained with a p rism . 
(The apparatus operates in the open a ir  and is exposed to severe 
tem perature changes). The Optica CF 4 type also offered the 
advantages of a lin ear wavelength scale, so that the mechanical indication 
of the actual wavelength was straightforw ard, and wavelength e r ro rs  
could easily  be co rrected . In fact the wavelength calibration has 
proved extrem ely constant and correction  has only been needed twice 
in four y ea rs . The values of wavelength recorded on various occasions 
for the m ajor m ercury  lines, a re  shown in table 1. Wavelength 
calibrations w ere also ca rried  out at a variety  of slit-w idths, in o rder 
to check the b ila te ra l action of the slit jaw s. The resu lts  a re  shown 
in table 2.
100
Transmission
Factor
Wavelength 
(100 A's)
Fig. 9 Spectral transmission factor of the red filter
Table 1
The wavelengths indicated for maximum transm ission  of the m ercury 
lines a re  shown, except in the case of the f irs t calibration, which was 
made by visual examination of the line-im ages in the exit s lit. Many 
other lines of both Hg and Cd were observed, but the resu lts  a re  not 
shown since they confirm those obtained for the m ajor lines in all cases.
True Hg 
wavelength 
in A
25/6/62 
(visual 
exam in - 
ations of 
exit slit)
28/6/62 8/2/63 5/9/63 27/12/63
(After
repairs)
21/9/64 25/3/66
3131.7 . 3130 3130 .
3650.2 - 3650 3650 3650 - -
4046.6 4048 4047 4044 4046 4047 4049 4049
4358.3 4359 4359 4360 4358 4359 4359 4360
5460.7 5462 5461 5463 5460 5461 5461 5461
5769.6 5769 5770 5770 5760 5771 5769 5770
5790.7 5790 5791 5991 5790 5791 5790 5791
4358.3 - 8717 - - 8716 - - 8715
~ (2nd order)
Table 2
Variation of Wavelength Calibration with Slit Width
True Hg Wavelength scale reading recorded at slit widths stated
wavelength in A 0. fmm 0.2 mm 0.6 mm
4046.6 4045 4048 4049
4358.3 4359 4360 4359
5460.7 5461 5462 5461
5769.6 5770 5770 5770
5790.7 5791 5791 5791
The optical layout of this instrum ent is shown in fig. 7. The 
grating is used in its f irs t o rder, and an external set of filte rs  a re  
used to prevent light of submultiples of the desired  wavelength
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Fig. 10 Transmission band profiles
emerging from  the exit s lit. The only modification made to the standard 
model was the replacem ent of the entrance m irro r  by a plane one 
(normally a spherical one is used in Optica spectrophotom eters). The 
collimating m irro r  has a focal length of 800 mm and a square apertu re  
of 80 mm, defined by a m ask which provides the apertu re  stop for the 
entire optical system .
The filte rs  may be c learly  seen in fig. 8, mounted in a ring so that 
they may readily  be changed. In this work only the red f ilte r  was used, 
its  function being to cut out second o rd er light (of wavelength below 6000A) 
when the region 6000-8000A was scanned. The red f ilte r  transm ission  
is shown in fig. 9; it was norm ally inserted  in the beam at a wavelength 
between 6000 and 6010A, the scan being stopped briefly  for that purpose. 
An unused apertu re  of the f ilte r  ring was blanked off to provide a shutter.
The full s lit height of 20 mm was used, so that the angular width of 
the cone of light accepted when the monochromator faced a diffuse 
source was about 5 .7° and the angular height about 7 .1° - i .e .  the beam 
size at a distance of 5 m etres from  the instrum ent was about 50 x 62.5 
cm.
The s tray  light perform ance was crudely checked by setting the 
wavelength scale to 3000A and observing the potentiom eter deflection 
obtained when the entrance s lit was exposed to d irect skylight; the 
deflection was not c learly  d iscem able, and showed that the " fa r” s tray  
light intensity was le ss  than 1 /1000th of the wanted light intensity.
This perform ance was consistent with that of identical monochromators 
whose s tray  light has been studied quantitatively by the author, and 
was considered satisfactory  for th is investigation.
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The width of the transm ission  band of the monochromator was 
checked by plotting the photomultiplier output against the indicated 
wavelength, when a single em ission line (e .g . Hg 5461A) was made to 
sweep over the exit slit, by advancing the wavelength scale in very 
sm all in tervals. Some resu lts  for various slit widths a re  shown in 
fig. 10; it will be seen that for a slit width of 0.2 mm, the total band 
width was about 8A. In most of the m easurem ents a total band width 
of 12A was used. The resu lts  of fig. 10 also indicate that there  was 
nothing to be gained by using a sm aller slit width than 0.2 mm, and 
that the "near stray  light" perform ance of the monochromator was 
reasonably good.
The monochromator was mounted on a cradle which could be 
rotated about a horizontal a x is . It could thus be directed to any 
quarter of the sky at will, even the zenith, or it could be operated in 
the conventional horizontal plane, to accept light from  the V itrolite 
diffusing screen . (It is shown tilted in fig. 11). The same cradle 
carried  the scanning m otor and its associated g ears, and also ca rried  
the standard lamp and MgO screen  when calibration runs were made.
The Scanning Motor and Wavelength Scale
The wavelength scale of the monochromator was operated by means 
of a sm all e lec tric  m otor and reduction gearing. The norm al handle of 
the monochromator was replaced by a crank, which was rotated by the 
action of a s im ila r crank immediately above it, that was mounted on 
the output shaft of the reduction gear. This crank carried  a cylindrical 
crank pin which acted against a cylindrical surface on the lower crank, 
the axis of the cylinder being radial in this case. (See fig. 12). This
Motor
10 tooth wheel 
and contact
1:40 Reduction gear
O120
Numbers indicate teeth on gear
Monochromator
shaft
Fig. 12 Scanning motor, cranks, gear train, and 
wavelength marking contacts used 
phase II
arrangem ent was adopted so that slight misalignment of the two shafts 
could be tolerated, and friction was m inim al.
It was necessary  for the two cranks to be co-axial; the resu lts  of a 
misalignment a re  shown in fig. 13a, which shows the relationship 
between the wavelength scale indicated by the gears attached to the 
scanning m otor and that indicated on the wavelength dial within the 
m onochromator. Such m isalignm ents w ere not tolerated in the 
m easurem ents - the resu lts  of a m ore successful alignment a re  shown 
in fig. 13b.
Throughout this work, the wavelength scale has been recorded 
through the medium of a gear tra in  and electrica l contact attached to 
the scanning m otor, the contact being closed at every 100A points.
(See fig. 12). It will be seen from  fig. 13b that there  is still some 
residual e r ro r ,  i .e .  the gear ratio  used is not quite co rrec t. The 
ratio  currently  used is 26.6172, which leaves an accumulated e r ro r  of 
about 2A over the whole scan-length of 5000A. (It is amusing to note 
that the com m ercial Optica spectrophotom eter which uses an identical 
monochromator uses a ratio  of 80/3, i .e .  26.6667 which presum ably 
introduces e r ro rs  of up to 15A)
The ratio  of the reduction gear between the m otor and the cranks 
is 720, and with the usual scanning ra te  of 450A/min the scanning 
m otor speed is about 120 rpm . Since constancy of speed is required 
a sm all A. C. two-phase servo m otor is used. Speed control is 
effected by a tachom eter generator mounted integrally with the m otor, 
which feeds back to the am plifier controlling the m otor. The maximum 
m otor speed of 6000 rpm  is used when returning from  the end of one
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Fig. 13a above and Fig. 13b below. Effects of crank 
misalignment on the wavelength scale
scan to the s ta r t of the next; a selector switch on the control panel 
gives a choice of four m otor speeds. A system  of interlocking 
switches and relays a re  used to prevent mechanical damage to the 
apparatus, e .g . it is not possible to reverse  the m otor until the wave­
length scale contacts have been re tracted . An auxiliary device enables 
the scan to be stopped at the point where the red filte r is inserted; the 
reco rd er chart is also stopped so that no interruption in wavelength 
scale on the trace  occurs.
The D etectors
The detectors used were end-window photomultipliers of the EMI 
9558A type; this type is of Venetian-blind construction and has •
11 multiplying stages. This type was chosen for its wide spectral 
range; the m anufacturers w ere asked to select tubes sensitive over the 
range 2000-9000A. An estim ate of the spectral sensitivity of the 
photom ultipliers actually used in this work is given in fig. 32; this 
curve was arrived  at by recording the response with standard illuminant 
A, and then dividing the response figure at each wavelength by the 
relative energy figure for a Planckian radiator of 2854°K. The sudden 
drop at 6000A is caused by insertion of the red f ilte r . It will be noted 
that although there  is some sensitivity in the 7500-8000A region, it is 
so much lower than that in the peak region that different apparatus is 
called for to make use of it. This was not practicable in this project, 
and this feature has effectively lim ited the upper end of the wavelength 
range; this point is discussed in sections 5, 6 and 7.
' The assumption that illuminant A is a full rad iato r fails in the 
u ltra  violet part of the spectrum , since the glass of the lamp absorbs
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u .v . radiation. This failure is indicated by the broken sections of the 
curves; it is also assum ed in this calculation that the transm ission  and 
dispersion of the monochromator a re  uniform throughout the wavelength 
range covered. This question is discussed in section 3 .4 .
The circu it used for the photom ultiplier mounted on the scanning 
monochromator is shown in fig. 14. The EHT power was provided by an 
IDL unit type 532D, which embodies a conventional valve stabilising 
circu it that produces very  little  ripple. Since the sky is a powerful 
light source it was possible to operate the photom ultipliers at fa irly  
low voltages, so that no problem s of noise w ere encountered. The 
anode curren ts were m easured by observing the voltages developed in 
a resistance , shown in fig. 15a.
A precision four-dial decade resistance  was used for this purpose, 
and generally the value used was in the range 500-2500A . A 3 F 
condenser was perm anently connected across  this resistance  to smooth 
out the random noise of the m ultiplier curren t, i .e .  the c ircu it tim e 
constant was in the range 1 .5 -7 .5  m illiseconds.
The photom ultiplier attached to the brightness reference mono­
chrom ator was connected to the sam e EHT unit and had s im ilar 
c ircu itry , save that the resis tance  R was provided by the actual s lid e - 
w ire of the recording potentiom eter, whose resistance  was about 800 
ohms.
In both cases the photom ultipliers w ere housed in blackened tubes 
securely bolted to the monochromator castings. One such housing 
is visible in fig. 8; the chain of dynode re s is to rs  was mounted d irect 
on the tube b a s e , and only the leads carrying the EHT supply, anode
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current, and earth  em erged to the outside world.
A rrangem ents were made to bias off the dark current of the 
’’scanning" photomultiplier by injecting a sm all voltage, equal and 
opposite to that produced by it, into the potentiom eter c ircu it. The 
photom ultipliers used produced low dark cu rren ts , the maximum being
0.004^jA, but generally  lower values, e .g . 0.001 were observed. 
The bias c ircu it was ra re ly  needed, since the dark current deflections 
were usually less  than the chart writing e r ro rs  of the reco rd er. No 
correction was made in the case of the "brightness reference" photo­
m ultiplier since the light cu rren ts were invariably g re a te r  than 2y&A.
The Recorder
It was decided to use a recording potentiom eter, ra th e r than a 
digital voltm eter, because (at the tim e the work was started) it was 
not possible to operate a digital voltm eter as a ra tiom eter, and th e re ­
fore automatic brightness compensation could not be used. The 
possibility of using two digital vo ltm eters in combination was considered, 
but was rejected  on the grounds of complexity and expense.
The recording potentiom eter used was of the Honeywell Brown 
high-speed type since the maximum ra te  at which the reco rd er can 
respond effectively determ ines the maximum scanning ra te  that can be 
used; on scanning an absorbtion line with a total band width of, say,
8A it may be necessary  to achieve full scale deflection in the tim e 
taken to scan 4A. The machine used had a full scale travel tim e of 
\  sec, so that theoretically  a scan ra te  of l6A /sec , i .e .  lOOOA/min 
could be safely used at this bandwidth. (Such speeds w ere used in 
phase I; considerations of punch operating tim e restric ted  speeds to
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about 450A/min in phase II).
This type of reco rd er is of the conventional two-phase servo m otor 
type, in which the D .C . input e r ro r  signal is converted to an A .C . signal 
by means of a vibrating contact converter and a signal transfo rm er; 
velocity feedback was provided by a tachom eter generator coupled to 
the servo m otor. The sensitivity of the servo am plifier and the degree 
of damping could be adjusted at will; the am plifier was sufficiently 
sensitive to operate perfectly with input resistances of up to 5000 ohms, 
and thus it could be coupled directly  to the photom ultiplier c ircu its .
The original c ircu itry  of the reco rd er was altered  so as to remove its 
false zero , and so that it could act as a true ra tiom eter. The signal 
circu its  a re  shown in fig. 15a which re la tes  to phase I, and fig. 15b 
to phase II.
The switch position m arked ’’calibrating voltage" was used when
calibrating runs w ere m ade. The variable re s is to r  was adjusted so
that the voltage across  the whole potentiom eter w ire was about 10 mV.
The reference voltage was checked for constancy with a precision
potentiom eter, before, during and after, each calibrating run, and
3was constant to 1 part in 10 o r be tte r.
The bias circu it is shown connected across  the 10./X re s is to r  in 
the signal line. In phase I the 100A points w ere indicated by the 
injection of a sm all voltage (about 0 .3  mV) into the reco rd er; when 
the ’’wavelength’’ contacts w ere closed, indicating the passage of a 
100A point, a sm all voltage was produced across  the additional 10A  
re s is to r , resu lting  in a sm all and brief deflection of the reco rd er 
pen. The reversing  switch enabled the operator to arrange the
deflection to be "against" the direction in which the pen was moving 
at the tim e, thus producing a c lear m ark on the trace  at the point 
corresponding to the 100A point. Nonetheless, some difficulty was 
found with the 4300 point since there is an intense Fraunhofer line 
(due to iron) at 4307A; the pen was invariably moving down at high 
speed at the 4300 point, and although m om entarily it was reversed , 
the rev e rsa l point was often hard to find on the tra ce .
2 .7  Studies of the Linearity  of the Recorder
It is essen tia l in this work that the reco rd er deflection tru ly  
rep resen t the ratio  of the signal voltages, and the recording 
potentiom eter was therefore checked by reference to precision 
potentiom eters of the "Cropico" type P3. A se rie s  of experim ents 
w ere made to check
(i) the linearity  of response for a given fixed reference 
cu rren t
(ii) that changing the decade resis tance  did not a lte r  the 
voltage -deflection relationship
(iii) that changing the reference voltage did not affect the 
linearity  of response
(iv) that when both signal and reference cu rren ts were 
changed, the true  ratio  was indicated.
It is not thought necessary  to set out here all the readings taken, 
but the resu lts  a re  set out in graphical form . Readings w ere taken 
with both ascending and descending steps of voltage, so that any 
effects due to friction in the reco rd er mechanism would be revealed. 
None was observed. The reference curren t was provided by the dry
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Fig. 16a above and Fig. 16b below. Linearity 
tests on recorder slidewire with two 
different load resistors
battery  in the usual way, and the signal curren t from a simple network 
of variable re s is to rs  and a dry c e ll . The dark current bias c ircuit 
was connected, but not energised.
The ratio  of voltage change to reading change observed over 
successive tenths of the w ire length is shown in figs. 16a, 16b and 
16c. The firs t te st (fig. 16a) was made with the decade resistance  
set to 4000/1 and a reference curren t of about 15^1 A. The second 
te s t (fig. 16b) was identical save that the decade re s is to r  was set to 
1000/1 (the artific ia l signal curren t source could only produce a 
maximum value corresponding to about 50% FSD; there seemed little  
point in altering it since the agreem ent with the f irs t test was very 
good). In the th ird  te s t (fig. 16c) the decade resis tance  was kept at 
1000X1 but the reference curren t was reduced to about A.
It will be seen from  these resu lts  that the linearity  of response may 
be considered satisfactory . The scale is large, and it will be appreciated 
that the large fluctuation in the "descending" curve of fig. 16b would 
disappear if one scale reading had been taken as 0.1 division higher -
i .e .  the sm allest amount that can be read from  the scale.
The effects of changing both signal and reference curren ts a re  
shown in table 3, which shows the deflections obtained and the actual 
voltage ra tios (multiplied by a constant scale factor), together with the 
reference voltage.
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Fig. 16c Linearity test on slidewire with reduced 
reference current
Table 3
Reference Voltage 
(mV)
Ratio of signal voltage 
to reference voltage, 
multiplied by 102.7
Deflections observed
1.415 46.38 48.1
2.764 49.75 50.6
5.594 49.83 50.1
7.490 50.41 50.4
10.900 50.48 50.5
From  these resu lts  it was concluded that (i) the linearity  was 
sufficiently good, (ii) the effect of change of the decade resistance  was 
negligible, (iii) change of reference voltage did not affect linearity  and
(iv) that the ratio  indication was satisfactory  unless the reference 
voltage fell below 2 mV.
The Encoder
During phase II of this work, all the potentiom eter readings were 
converted to digital form  and w ere presented in the form  of punched 
paper tape. The encoder used to effect the anologue - to - digital 
conversion was an Elliott-G ianini type C l06. This consists of a g lass 
disc which has a digital pattern of copper etch-printed on to it, 
mounted on a shaft coupled to the servo m otor of the reco rd er. The 
precise  position of the disc, and thus of the w iper on the slidew ire, 
may be found by reference to a group of 12 contact brushes which 
engage with the 12 tracks of the encoder pattern; the position to the 
n earest 1 /1000th of full scale travel is  identified by the combination
of brushes in contact with conducting a reas on the d isc.
The disc inertia was kept as low as possible, so that the dynamic 
perform ance was not upset. The coupling between the encoder and 
servo shaft was made by a m iniature w ire rope, tightly engaging with 
grooved pulleys so that an exact relationship was maintained between 
the positions of the encoder shaft and servo shaft. Three revolutions 
of the servo shaft correspond to about 9/10ths of a revolution of the 
encoder shaft. It should be noted that the connection between the servo 
shaft and the w iper carriage  is by spring loaded w ire cable and is not, 
of necessity , rig id . In the norm al operation of a reco rder, when 
readings a re  taken from  the chart o r visual scale, backlash in this 
connection is of no g reat significance; but in this case exact correlation 
of position is essential.
F or that reason, the encoder perform ance was frequently checked. 
The reco rd er was set to various points on its  scale, and readings were 
punched into the tape and subsequently read from  it. Table 4 shows a 
typical resu lt.
Table 4
Recorder scale Reading obtained from  encoder
0 002
10.0 103
20.0 204
30.0 304
40.0 406
50.0 508
60.0 608
70.0 710
80.0 811
90.0 912
95.0 963
Fig. 17 The Welmec tape punch
It will be seen that the zeroes do not coincide; the encoder position 
is deliberately off-set since the position corresponding to 000 is not 
uniquely specified. The scales do not exactly coincide but there  is a 
linear discrepancy between them;; in this case the relationship between 
scale reading (R) and encoder readings (F) may be expressed (within the 
lim it of discrim ination of the encoder) as
F = 10.1R + 2 (3)
The linear discrepancy occurred because the ratio  of the d iam eters of 
the grooved pulleys was not precisely  co rrect at f ir s t.  As the w ire 
bedded down in the grooves this difference between the scales gradually 
fell to zero .
These d iscrepancies w ere not serious. The computer was 
program m ed to co rrec t for the zero e r ro r  of each run (see section 
3 .3 .1 ) and since all readings w ere used in the calculations as ratios 
between readings a slight scale e r ro r  was im m aterial.
2 .9  The Digital T ranslation and Punched-Tape System
The apparatus used to tra n sfe r the encoder readings to punched tape
was of conventional type, using relay  switching. It consisted of an
o
Elliott-D atex type K154 T ran sla te r unit and a 5 -track  punch. When 
a "read" signal was given by the wavelength m arker contacts closing, 
a group of 12 thyratron valves was used to m em orise which of the 12 
w ipers of the encoder were in contact at that moment. The 12 encoder 
track s were made up of th ree groups of four each, representing 
hundreds, ten, and units. Each thyratron energised a relay, and 
from  suitable combinations of contact groups and networks of sem i­
conductor diodes the appropriate solenoids in the punch corresponding
   ' '-
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Fig. 18 The control unit
to the com puter code were energised, and the "hundreds, ten and units" 
w ere punched out in turn . The punching operation took about a second; 
th ree figure characters had to be punched together with a space character 
so that the end of each number was signalled to the com puter. The 
punching cycle was governed by a uniselector unit, which advanced one 
step on receipt of the "character punched" signal from  the punch unit.
The encoder tracks were arranged on the cyclic decim al system , 
whereby only one track  boundary is crossed  on moving from one number 
to the next. The punch used was of the Welmec type and is shown in 
fig. 17.
The relay  system  operating the tape punch, and the tape punch 
itself, lim ited the speed at which scans could be made. Ideally, a 
so lid -sta te  switching unit and ro ta ry  tape punch (as distinct from  the 
solenoid-driven type) would have enabled faste r scans to be made, but 
financial considerations did not perm it th e ir  use.
2.10 The Control Unit
F or the sake of convenience, as many of the controls as possible 
w ere concentrated on the fram e carrying the reco rd er. This fram e also 
carried  the EHT power supply, the control unit and relay  for the scanning 
m otor, the decade resistance  box, the reference voltage battery  and the 
bias c ircu its . The control c ircu its  w ere interlocked w herever possible 
with the object (a) of preventing mechanical damage to the critica lly  
adjusted wavelength m arking contacts and (b) to prevent any false 
punch readings being obtained between runs. A second unit was used 
to hold the punch tape equipment. The main control unit is shown in 
Fig. 18 where the decade resistance  box is prominent above the reco rd e r.
3. THE CALCULATION OF RESULTS
The spectral power distribution was calculated separately  for each 
sky run that was ca rried  out, and the colour of the skylight, in te rm s of 
CIE chrom aticity co-ordinates, was also calculated for each run. The 
colour computation was ca rried  out to facilitate comparison of the resu lts  
with those of other w o rk ers .
In m athem atical te rm s both of these calculations a re  triv ia l, but in 
view of the volume of data recorded, it was essential to use a simple 
computer; a F e rran ti (ICT) "S irius1' machine was used. The SPD 
calculation m erely  involves the calculation of Eg in formula 2,
i .e .  E = (2)
S *  / ° *
where all four quantities on the right hand side a re  known. The only 
refinem ent is the multiplication of all the values of Eg obtained by a 
constant factor so that the value for the wavelength 5600A has the nominal 
value of 100.
The CIE chrom aticity calculation is described in most textbooks 
9on colour specification , and in m athem atical te rm s is represented by 
the equations
(4)
X = £ e s Xx
Y
Z - & . ■ A
Xx X + Y  + Z
Y
(5 )y x + y + z
z Z
X + Y + Z
where , a re  the distribution coefficients for the CIE
standard observer.
In a ll these calculations, the SPD of the calibrating source was 
assum ed to be that of a Planckian black -body rad iator of 2854°K, The
em issivity of the tungsten filam ent is not unity, nor is it uniform ? ;
it falls slightly as the wavelength is increased . The net effect is to produce 
a source whose SPD closely resem bles that of a true  Planckian radiator 
of a tem perature different from that of the actual filam ent tem perature,
The tem perature of a tungsten filam ent whose colour tem perature is 
2854°K is about 2804°K. The magnitude of the e r ro rs  introduced by 
this assumption is sm all, since the lamp is calibrated in te rm s of 
Planckian rad ia to r that it m ost nearly  resem bles. It is worth noting 
that the same assumption is made by. the NPL in studies of the SPD of 
fluorescent tu b es ,
The values of the distribution coefficients used w ere those of the 
1931 CIE Standard O bserver, and applied to a 2° visual field. Data 
applying to a field of 2° ra th e r than 10° w ere used because other 
w orkers have used the 2° data, and if the CIE chrom aticities obtained 
w ere to be compatible, the 2° data m ust be used here also .
The values of reflection factor used w ere those obtained by the 
auxiliary experim ents described in section 2, It should be noted that
D itto  fo r  y and z
’e s t  for  A <  7100
P r in t out Ex
P r in t X , Y , Z
P r in t x , y , z
A dvance A by 100 A
Add X , Y, Z togeth er
D ivide X by sum  to  g iv e  x
D itto fo r  £ E x yx , 2 Ex zA
C alcu late E 5600  
from  form u la  (2)
C alcu la te EA 
from  form u la  (2)
R ead in  read in gs  
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D ivid e Ex by E 56OO 
and m ultip ly x  100
R esto re  A to  3500 A 
for  next run
R ead in v a lu es  of
E a .  P a .  * a >  9 a .  2 a  
and s to r e  them
M ultiply va lu e o f EA 
obtained by XA 
and add to  £ E Ax A
R ead in read in gs  
from  ca lib ra tin g  runs
F ig . 19 S P D  and C olour C alcu lation  -  P h a se  I
if at any la te r  stage it was decided to use different values for any of 
these constant functions, all our resu lts  could be recalculated in a
i
m atter of hours0 The actual processes leading up to the calculation 
a re  described below in some detail, in separate sections relating to 
phase I and phase II .
3.1 A Note on the Computer Program m es
All the computer program m es w ere w ritten in autocode, and the 
machine was used in autocode operation throughout this work. Many 
m inor modifications were made to the program m es as the work 
progressed, and where program m es a re  described in detail the la test 
version is norm ally re fe rred  to. The program m es a re  shown in the 
form of simplified flow sheets; the complex printing routines a re  
omitted.
As m ore and m ore program m es came into use in connection with 
th is work the program m e num bers w ere of little  help in distinguishing 
them; e .g . it was hard to rem em ber the differences between 22B and 
23A. The operators very  soon dubbed the program m es with their 
own nicknam es, so as to fix th e ir  functions in the ir own minds. The 
author hopes it will not be taken am iss if he also uses these nam es 
(which a re  often facetious) to simplify m atters for the read er.
3.2 Power and Colour Calculation - Phase I
In phase I, all the readings w ere taken from  the reco rd er charts, 
on which the 100A points had been m arked by the process described 
in section 2 .6 . Visual estim ation to one-fifth of the sm allest chart 
division was used, the sm allest readable quantity thus being 0.1% of 
full scale deflection. A zero reading was taken from  the trace
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im mediately before and afte r each run, so that zero e r ro rs  could be 
corrected . The two zero recordings were often different by up to 
0 .3 % of FSD; whenever a difference occurred it was assum ed that the 
zero had drifted gradually throughout the run, and the values of the zero 
used were accordingly tapered off. The appropriate figure for zero 
e r ro r  was then subtracted from  each reading; the sky run readings 
w ere then ready for calculation, but those of the calibrating runs had 
to be checked by the levelling process described in section 1 .6 . All 
the readings of the second calibrating run of each day’s pair were 
multiplied by a constant factor to "level” them with the f irs t, and the 
check was then m ade. If satisfactory , the mean resu lt was noted for 
the calibrating source reading at each wavelength. The readings 
w ere then punched in paper tape suitable for the Sirius machine; each 
set was run through a te lep rin ter to verify  the accuracy of the punching.
The punched tapes w ere fed into the com puter, together with all 
the necessary  data and the SPD and colour calculation was ca rried  out. 
The program m e is shown in flow sheet form  in fig. 19. The figures 
for the power of a black-body rad ia to r w ere those compiled by 
Harding"*’
These m easurem ents, taken at 100A in tervals, w ere generally 
made using a total band-width of about 15A, the maximum total band­
width ever used being 25A. The values obtained therefore did not 
tru ly  rep resen t the energy contained within a 100A section centred on 
the reading wavelength; at some wavelengths the skylight SPD is 
sufficiently smooth to assum e that the representation is co rrec t, but 
at others close to absorbtion lines o r bands, a correction is necessary .
Reading
Tail Zeros
Starting
Zeros
Wavelength
Fig. 21 Correction of zero errors. 
("Encoder Topping and Tailing")
The 4300A reading point for example is severely affected by the 
presence of the Fraunhofer line at 4307A, and the 4300A reading is 
therefore depressed below the value representing the mean energy of 
the 4250A-4350A band.
C orrections for effects of this kind w ere made by use of factors 
derived by a graphical method. A study was made of a num ber of the 
actual tra c e s , and the a reas under the curve of each 100A block was 
m easured by the method of counting squares. The mean height of each 
section was then calculated, as if each section was a purely rectangular 
100A block. This mean height was compared with the actual height of 
the reading point, and this gave the appropriate correction factor.
This was done fo r 10 curves, when it was observed that the 10 ratios 
obtained for each wavelength w ere rem arkably constant; a mean factor 
for each wavelength was then derived from  the ten factors and was used 
to modify all the energy values obtained for that wavelength in phase I. 
These correcting factors w ere called "block fac to rs” ; the colour 
values w ere also modified to take account of them .
Power and Colour Calculations - Phase II
In phase II, all readings were recorded in the form  of punched paper 
tape and the reco rd er charts w ere used m erely as a visual check on the 
satisfactory  operation of the apparatus. The readings w ere printed as 
th ree-d ig it num bers as described in section 2. 9, each num ber being 
term inated by a "space" ch arac te r. To obtain the final SPD figures 
from  these readings, a num ber of operations w ere necessary . F irs tly  
a copy tape called a " tran sc rip t” was made, then the zero e r ro rs  were 
co rrected  by a tapering-off process num erically s im ila r to that of
j Read in As and print it
R ead in sta rtin g  z e r o e s
C alcu late m ean va lu e , re je c tin g  any o v er  40
P r in t m ean (a) and num ber of read in gs exam ined
R ead in  a l l  the sca n  read in gs
R ead in  ta il  z e r o e s , ca lcu la te  and prin t (b)
C alcu la te x ' for  one w avelength!
P r in t x '
No T e s t  fo r  A >  Ai
A dvance X by 10 A
C alcu la te  — —
(A j* — As)
4  Y es
P r in t num ber of sca n  re a d in gs |
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'E ncoder topping and tailing*
phase I; the corrected  figures w ere printed out, the readings for 
calibrating runs w ere levelled and checked for constancy, and finally 
the energy and colour calculations represented by equations (2), (4) 
and (5) w ere carried  out.
All these operations w ere effected using wavelength intervals of 
10A, i .e .  there  w ere 500 readings per run. It was therefore 
necessary  to interpolate the CIE data fo r 10A intervals, and to 
calculate the Planckian distribution corresponding to standard 
illuminant A for 500 wavelengths.
The ’’tran scrip t"  tape was made for two reasons; firstly , 
several editing operations w ere required before the original tape 
could be fed into the computer and secondly, the original tapes often 
suffered slight changes in the ir dimensions, as a resu lt of exposure 
to humidity in the open-air field work. That had the effect that the 
originals would not run through the photoelectric tape readers  of the 
computer; however they would operate the mechanical read ers  of 
te lep rin te rs , which have much la rg e r  to lerances, with absolute 
reliab ility  . The making of the tran scrip t was the sim plest method 
of overcoming these difficulties. As soon as a tran scrip t was made, 
each original was put into a safe for permanent s to rag e .
It was necessary  to establish  the zero position before and after 
each run, and that was done by recording about twelve readings with 
all the apparatus operating, but with an opaque shutter covering the 
entrance slit of the m onochromator. The readings as recorded for 
each run thus consisted of a group of twelve zero readings, taken 
before the s ta rt, the group of 500 scan readings, and a final group of
c  1 / 4
a X 2 2 2 X 2 2 X 2
2 2 2 4 5 7 7 9 9 X 2
1 2 1 4 1 6 1 6 1 9 2 0 2 9 3 2 3 2 3 2
4 3 4 0 4 3 4 5 4 4 5 0 5 3 4 7 5 8 5 8
8 4 6 4 6 3 6 9 6 6 6 4 7 2 7 7 6 7 8 2
7 4 9 8 9 9 8 1 1 0 9 1 1 6 1 0 9 8 9 1 0 4 7 6
1 3 7 x o 8 x x o 1 6 1 1 4 7 X 2  X X 7 6 x 6 a * 5 2 * 5 7
2 0 0 1 6 5 1 2 0 1 7 0 1 7 6 * 7 9 * 6 5 1 8 7 2 3 4 1 7 6
1 8 6 2 0 3 1 4 5 1 1 9 1 6 3 1 8 6 * 7 5 * 5 0 x 7  2 2 0 2
2 3 8 2 6 8 2 3 2 1 X 5 1 9 2 2 7 9 2 4 2 X X X 3 3 * 3 6 5
3 8 2 3 9 5 4 x 0 3 6 2 4 2 4 4 2 8 3 7 9 3 8 a 4 3 6 4 4 9
3 1 6 4 3 9 4 5 6 4 0 5 4 0 9 4 4 3 4 9 8 4 x 6 4 4 7 4 8  3
4 3 5 5 0 X 4 9 6 4 9 1 4 7 8 4 5 9 4 8 4 3 7 4 4 5 4 4 3 2
3 1 6 3 4 7 4 3 6 5 1 6 4 3 2 4 5 2 5 3 5 4 5 9 4 0 6 4 9 4
4 4 0 4 8 0 5 2 2 5 x 6 5 3 8 4 6 9 5 * 4 5 5 * 5 3 2 5 4 7
5 6 9 5 3 9 4 6 9 5 4 0 4 9 9 5 3 6 5 3 7 5  2 2 5 2 2 4 9 9
5 X 7 5 1 6 5 * 6 4 9 0 4 6 7 5 0 7 4 2 9 4 8  5 4 8 2 4 6 6
4 4 9 4 7 6 4 5 8 4 4 9 4 6 6 4 4 2 4 2 6 4 6 2 4 3 1 4 5 3
4 3 4 4 4 4 4 2 8 4 2 7 4 x 9 3 7 0 3 7 6 3 9 2 3 8 0 4 2 6
4 X 3 4 1 4 3 9 3 3 9 1 4 0 9 3 7 8 3 9 8 4 0 5 3 7 9 3 9 2
3 5 5 3 4 6 3 6 4 3 5 4 3 7 5 3 7 2 3 4 9 3 5 4 3 5 8 3 5 3
3 4 8 3 5 9 3 3 i 3 3 9 3 2 7 3 3 7 2 5 3 3 3 4 3 0 9 3 1 2
3 0 3 3 1 0 2 8 8 3 0 9 3 2 1 3 1 2 2 6 4 2 8 6 2 9 0 3 1 1
3 0 2 3 0 9 2 8  4 2 8 9 2  8 a 2 8 8 2 8 7 2 5 9 2 7 3 2 6 6
2 6 0 2  4 9 2 6 1 2 4 7 2 6 4 2 5 4 2 5 5 2 4 7 2 3 4 2 3 6
2 3 6 2 3 1 2 3 2 2 X 8 3 2 ^ 2 2  5 2 * 5 2 0 5 2 0 8 1 9 6
X 9 0 2 0 5 1 9 6 1 9 8 1 8 7 1 8 6 1 7 7 1 8 4 1 8 1 * 7 *
1 7 3 1 6 1 1 6 8 1 6 9 1 6 7 1 6 3 1 6 1 x 6 x * 5 9 * 5 2
1 5 4 X 5 2 1 5 2 1 5 3 x 5 2 * 4 9 * 3 9 * 4 3 * 4 * 1 2 3
X x 2 1 2 8 1 2 5 1 2 6 1 2 7 1 1 9 X2 X x 2 2 * * 9 x x 8
x i 9 x x 3 7 4 7 5 7 7 7 7 7 7 7 7 7 6 7 6
7 6 7 5 7 5 7 4 7 2 7 2 7 2 8 9 8 9 8 9
6 9 6 9 6 8 6 8 6 6 6 4 6 3 6 3 5 6 5 8
5 7 5 7 5 5 5 6 5 8 5 8 5 5 5 4 5 4 5 4
5 2 5 2 5 1 5 0 4 9 4 8 4 6 4 5 4 3 4 2
4 2 4 2 4 0 4 0 4 0 3 9 2 8 3 2 3 4 3 4
3 4 3 4 3 4 3 4 3 4 3 4 3 3 3 3 3 3 3 3
3 2 3 2 3 2 3 2 3 2 3 2 3 2 3 * 3 0 2 9
2 9 2 7 2 6 2 5 2 4 2 3 * 4 x 6 1 6 1 6
1 6 1 6 1 6 1 6 1 6 x 6 x 6 1 6 x 6 1 6
1 6 1 6 1 6 1 5 1 6 1 6 1 6 * 5 1 6 x 6
1 6 * 5 1 5 * 5 1 5 * 4 * 4 x o x o 9
8 9 x o 9 9 8 8 8 8 7
7 7 8 7 8 7 7 7 7 7
7 7 7 7 7 7 6 6 6 5
6 5 5 4 4 4 4 3 2 X
2 2 T 2 2 2 2 2 2 2
2 2 2 2 1 2 2 2 2 2
2 X 2 2 2 2 2 X 2 2
X 1 2 X 1 X X X 1 X
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twelve zero read ings. The groups w ere separated by stretches of 
blank tape, and a re  shown diagram atically in fig. 20a. Before the tape 
would en ter the com puter it was necessary  to punch characters 
indicating the s ta rt and finish of each group of read ings. The starting 
wavelength was then added, and the reference num ber, with appropriate 
characters giving text instructions to the com puter. The form ation of 
a tran scrip t tape is shown in fig. 20b.
3 .3 .1  The Correction of Zero E rro rs  - Phase II
The tapering off process for zero correction was effected by a 
program m e which also enabled the corrected  readings to be printed out 
in a recognisable form . (The originals and tran sc rip ts , since they 
contained no line-feed signals, could not be used to obtain a print-out 
from  a te lep rin ter). This program m e, numbered 6CA5X, is called 
"encoder topping and tailing” , and is described below. Basically the 
operations w ere to determ ine the mean starting  zero value, the mean 
ta il zero value, to calculate the taper gradient, and then to work out 
the correction for each reading, subtract, print the resu lt in a 
recognisable a rray , and punch the resu lt in an output tape ready for the 
next stage of the calculations.
The operation is shown graphically  in fig. 21. Suppose the 
starting  wavelength is "X , the final one Xp> the mean starting  
zero value a, and the mean ta il zero b. Then if the observed reading 
at any wavelength X is x > the co rrected  reading will be x* = x - PQ - QR
Le' xV=x-a - (  XF_- ( b ' a )
Read in 500 corrected readings
I ....................
| Add togeth er  read in gs fo r  5210 A , 5220 A   5280 A
D iv id e by 8 fo r  m ean va lu e
■ 4
I D iv id e 800 by m ean  fo r  con stant fa cto r  
$
| M ultiply one read in g  by fa c to r  |
P r in t re su lt
A dvance w avelength  by 10 A
| T e s t  fo r  A = 8000 A | 
4  Y es
R e se t  A to  3000 A fo r  next run
F ig . 24 P ro g ra m m e 10AX
'A S ou rce  L ev e llin g '
One refinem ent was needed. It was possible, by /n is-operation  of 
the controls, to accidentally produce a zero reading with the encoder 
circu its  dead. This had the effect of printing the number 444, since 
that num ber corresponded to the position where all the encoder contacts 
w ere open. To obviate e r ro rs  each zero reading was tested to see if it 
was la rg e r  than 40, and any such reading was rejected; the mean of the 
f ir s t  six satisfactory  readings in each zero group was the figure actually 
taken. The mean starting  and ta il zeroes w ere printed at the head of 
the print-out, and an indication was printed of the num ber of readings 
examined to produce six satisfactory  ones.
The program m e is shown in block diagram  form  in fig. 22 and a 
print-out of a sky run is shown in fig. 23. In these prin t-outs, the 
top left-hand figure of the block represen ts the wavelength value 3000A, 
and the re s t  of the top line rep resen ts 3010A, 3020A, 3030A and so on; 
the second line s ta r ts  with the value for 3100A, the th ird  with that for 
3200A, and so on in sequence. The sudden fall in the values consequent 
upon the insertion of the red filte r at 6010A will be noted, as will the 
effect of the Fraunhofer H and K (calcium) lines at 3960A and 3930A.
The single figure at the bottom gives the num ber of wavelengths 
recorded. This form at is used in all program m es, save that in la te r  
ones a blank line is left between each 500A block, for c larity .
In all the subsequent com puter operations the spectral range 
covered was s tric tly  that from  3000A-7990A. It was therefore 
necessary  to identify the point on the output tape from  the 6CA5X 
calculation which represented  the 3000A value. Knowing the 
starting  wavelength, this was simply located by visual inspection,
R epeat fo r  a l l  v a lu es  wanted
R epeat fo r  a ll  v a lu es  wanted
A dvance w avelength  10 A
T es t  for  X = m u ltip le of 50 ANo
Y es
T e s t  fo r  X = 8000 A
No
P r in t re su lt
C alcu late  B 3 6^
R ead in  100 v a lu es  fo r  x
C alcu late p 61, add f.
Add th ese  q u an tities fo r  fj
P r in t ap propriate x \ figu re
R epeat fo r  a l l  100 v a lu es  of 6i
Set v a lu es  of p, B j  and B 3 needed
C alcu late 6_ + 6. ,  m ultip ly  by B2
C alcu late 6i  i . e .  x j  -  xq  and s to r e  re su lt
A dvance w avelength  by 10 A P r ep a re  to  repeat fo r  y*
■* C alcu la te 6Q i . e .  (6i )  -  (6_ i )  and s to r e  re su lt
C alcu la te i .e .  6,  -  6n and s to r e  re su lt
F i g .25 B e s s e l  in terpolation  of C IE  data
and marked distinctively with a coloured band.
3 .3 .2  Calibrating Source Levelling - Phase II
The levelling process re fe rred  to in section 1.6 was carried  out 
by multiplying all the corrected  readings in a single calibrating run 
by a factor chosen so that the peak values, in the range 5210-528OA, 
were about 800. The peak values of readings obtained with the 
calibrating sources invariably lay in this wavelength range, though the 
"peak" was by no means a steep one. The value of 800 was chosen 
because the original peak values were norm ally of that magnitude.
The constant multiplying factor for each run was calculated by finding 
the mean value for the eight readings from  5210-5280A, and then 
dividing 800 by that mean value. The computer program m e used 
(number 10AX, "A Source Levelling”) is shown in sim plified flow 
sheet form  in fig. 24.
3 .3 .3  Auxiliary Calculations - Phase II
As mentioned above, it was necessary  to interpolate the data
representing the CIE distribution coefficients x ^
10A in terva ls . These data a re  published on a 50A interval basis,
and a straightforw ard Bessel interpolation process was used. This
is not s tric tly  co rrec t, since the interpolation between zero and the
f irs t finite value at the toe of each curve in effect a lte rs  the height
13of the whole curve. Hunt has shown that the e r ro r  thus introduced
is minute and may be neglected in all rea l cases. The interpolations
w ere carried  out by the sam e com puter, using the f irs t three te rm s 
14of Bessel’s formula
yx io r
R ead in C3, C4
f  ~
| Set X = 3000 A |
„  , . 5600E v a lu a te -------
X
  1
R a ise  to  5th p ow er !
"f  ...      " '
M ultiply by C3 fo r  num erator  
+
C 4 / X
E valu ate e  — 1
 4T
D iv id e for  E 2 |
P r in t re su lt
A dvance X by 10A
T est  fo r  X = 8000 A 
^ Y es
Stop
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The higher te rm s could safely be neglected in view of the lim ited 
accuracy requ ired .
The computer program m e used is shown in condensed flow -sheet 
form in fig . 25. Being a predictable calculation on pm?numbers, 
ra th e r than instrum ent readings, no refinem ents or special precautions 
were necessary .
The Planckian SPD for a black-body rad ia to r of 2854°K was also 
needed a t 10A in terva ls . At the tim e the original phase II readings 
w ere made, such data w ere not published, and those that w ere available 
did not cover the whole wavelength ran g e . The computer was therefore 
used to calculate such data from  Planch’ s formula:
Following the usual custom of colorim etry, a value of was
chosen so that the value E_ was equal to 100; our resu lts  could5600
then be checked against previously published data. The ratio  of the 
energy values for two wavelengths X i»  ' X 2 ma^ w ritten:
E
E
2
1
5(ec 2 / X l T  _x)
<eC2 / ^ 7 )
(8)
If E^ rep resen ts  the 5600A value and is given the value of 100 then:-
E
56Qo\ 5 (ec 2/56QQ-T -1). 100
k2)  <eC2/ * 2T% (9)2
C i / i  A SOURCE
2  I  I  X X I  I  i  i  x
I 2 1 1 x 2 3 4 5 6
7 7 8 2 0 2 0 1 1 1 3 1 3 X 3 1 5
2 6 1 7 1 8 2 0 2 2 * 3 * 4 2 6 2 8 2 9
3 0 3 * 3 4 3 8 3 8 4 0 4 2 4 5 4 8 4 9
5 X 5 5 5 8 6 2 6 6 6 9 7 * 7 6 8 0 8 4
8 8 9 3 9 6 2 0 2 2 0 6 1 0 8 1 1 4 1 2 8 2 2 2 1 2 6
[ 3 0 1 3 5 1 3 9 2 4 2 1 4 5 1 4 9 2  5 * X 5 7 l 6 l 1 6 6
1 6 9 1 7 5 X 7 8 1 8 5 2 9 3 1 9 8 2 0 4 3 X 1 3 2 7 4 * 3
1 2 9 * 3 7 * 4 5 * 5 3 2 6 0 2 6 8 * 7 7 2 8 6 * 9 4 3 0 3
3 1 3  3 2 0  3 3 9  3 3 7  3 4 8  3 5 4  3 6 3  3 7 1  3 8 0  3 8 8
3 9 7  4 0 4  4 1 5  4 3 4  4 3 4  4 4 3  4 5 1  4 6 °  4 6 9  4 7 4
4 8 5  4 9 4  4 9 8  5 0 7  5 1 8  5 3 4  5 3 2  5 4 2  5 5 1  5 5 6
5 6 3  5 7 1  5 7 6  5 8 3  5 8 9  5 9 8  6 0 4  6 0 9  6 1 4  6 a x
6 2 7  6 3 2  6 3 7  6 4 3  6 4 7  6 5 5  6 5 8  6 6 2  6 6 7  6 7 4
6 7 7  6 8 0  6 8 5  6 9 0  6 9 3  6 9 6  6 9 9  7 0 1  7 0 5  7 0 8
7 X 3  7 1 4  7 1 6  7 1 8  7 2 0  7 3 5  7 3 4  7 3 5  7 3 8  7 2 8
7 2 9  7 2 8  7 2 8  7 2 8  7 2 8  7 2 8  7 3 0  7 3 8  7 3 9  7 2 8
7 3 9  7 3 7  7 3 8  7 3 9  7 3 3  7 3 6  7 3 5  7 3 9  7 4 3  7 4 9
> 4 5  7 5 7  7 8 3  7 6 5  7 6 8  7 7 3  7 7 8  7 7 9  7 8 i  7 8 1
7 8 i  7 8 5  7 8 5  7 8 4  7 8 5  7 8 5  788  7 8 6  7 8 9  79*
791  7 9 3  7 9 3  7 9 7  7 9 7  7 9 9  8 0 0  8 0 1  8 0 1  8 0 1
8 0 3  8 0 2  8 0 1  8 0 0  8 0 0  8 0 0  7 9 7  7 9 7  7 9 6  794
793  7 9 0  7 9 0  7 8 7  7 8 4  7 8 i  777  776  774  773
7 6 8  7 6 5  7 6 4  759  757  753  7 4 9  748  745  743
7 3 9  7 3 7  7 3 6  7 3 1  7 3 7  7 3 3  7 3 o  7 x 8  7 x 4  7 1 0
7 0 6  7 0 4  7 0 1  6 9 6  6 9 5  6 9 0  6 8 8  6 8 2  6 8 1  6 8 0
6 7 4  6 7 0  6 6 7  6 6 5  6 6 1  6 5 8  6 5 3  6 5 3  6 4 6  6 4 1
6 4 1  6 3 7  6 3 1  6 2 8  6 3 4  6 3 x 6 1 7  6 1 7  6 j o  6 0 8
6 0 3  6 0 1  5 9 7  5 9 4  5 9 1  5 8 8  5 8 5  5 8 0  5 7 6  5 7 3
5 6 9  5 6 5  5 5 9  3 8 9  3 9 3  3 9 3  3 9 5  3 9 8  3 9 7  3 9 7
3 9 7  3 9 7  3 9 5  3 9 7  3 9 5  3 9 5  3 9 *  3 8 9  3 8 8  3 8 8
3 8 5  3 8 3  3 7 9  3 7 7  3 7 8  3 7 3  3 7 0  3 6 8  3 6 3  3 6 0
3 5 7  3 5 8  3 5 3  3 4 8  3 4 5  3 4 ® 3 3 8  3 3 3  3 3 *  3 * 8
3 3 3  3 2 9  3 1 8  3 1 0  3 0 9  3 0 6  3 0 3  2 9 9  2 9 6  2 9 2
2 8 9  2 8 5  2 8 1  2 8 0  2 7 4  2 7 0  2 6 6  2 6 2  2 5 7  3 5 4
2 5 2  2 4 8  2 4 6  2 4 4  2 4 2  2 4 1  2 3 9  2 3 8  2 3 8  2 3 6
2 3 5  2 3 5  2 3 5  2 3 4  3 3 0  2 2 5  2 1 9  2 1 2  2 0 6  2 0 2
1 9 4  1 8 9  1 8 4  1 7 9  1 7 6  1 7 4  1 7 1  1 6 8  2 6 6  1 6 5
1 6 4  1 6 3  1 6 1  1 6 1  1 5 8  1 5 7  X 5 5  1 5 4  1 5 3  1 5 2
1 5 0 1 4 9 1 4 7 1 4 7 1 4 5 1 4 3 2 4 2 2 3 9 x 3 7 1 3 4
I 3 X 2 2 9 1 2 7 x * 5 2 2 2 X 2 0 2 X8 2 1 2 2  2 0
1 0 6 1 0 3 1 0 0 9 7 9 4 9 3 9 0 8 7 8 4 8 l
7 9 7 7 7 3 4 * 3 6 8 6 6 8 4 6 2 5 9 5 7
5 4 5 3 5 1 5 0 4 8 4 5 4 3 4 1 4 0 3 9
3 8 3 6 3 5 3 4 3 2 3 X 3 X 3 9 2 8 2 6
* 5 2 3 2 2 2 0 2 0 1 9 1 9 1 7 1 6 1 6
* 5 1 4 x 4 x 3 x 3 1 3 2 2 2 2 x 2 1 2
2 2 2 0 2 0 x o 1 0 8 8 8 7 7
7 7 7 7 6 6 6 6 5 5
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This form ula was used in the program m e, with the value of T set
at 2854°K, and C9 at 1.4380 cm. degrees. The program m e is shown
in flow sheet form  in fig. 26; the constants CQ, C . a re  used foro 4
100 (^ 2 /5 6 0 0 .2 8 5 4  respectively. As before, no
precautions o r refinem ents w ere needed.
3 .3 .4  Main Calculation
The readings obtained for every run w ere corrected  for zero 
e r ro rs  by means of the "topping and tailing" program m e, and the two 
calibrating runs for each day’s work w ere "levelled" and com pared. 
The agreem ent was generally good, so that there was little  point in 
taking mean values for each wavelength; one run of the pair was 
selected as being m ore satisfactory  than the o ther (generally on the 
basis of least drift between starting  and ta il zeroes) and was used 
unaltered in the subsequent calculations. The agreem ent between 
such pa irs  of runs is illustrated  by figs. 27 and 28 which a re  p rin t­
outs of one day’s two calibrating runs, afte r zero correcting and 
levelling.
When the calibrating run to be used had been selected, the actual 
SPD and CIE chrom aticity calculation could be entered upon, using 
all the data derived in the auxiliary m easurem ents and calculations.
A single program m e was used, which also enabled an "agglom eration" 
process to be ca rried  out, so that the SPD resu lts  w ere presented on 
a basis of 100A blocks in addition to the usual 10A blocks. The 
resu lts  obtained here  could then be com pared d irectly  with those 
obtained by o ther w o rk ers .
The SPD and CIE chrom aticity calculations a re  represented  by
C x / 6  A SOURCE
' 3 3 3 3 3 3 3 3 3
3 3 ■ 3 3 3 4 4 4 6 7
8 8 8 8 9 xo xo 1 3 x 3 X4
* 5 1 8 1 8 1 9 3 X 3  3 3  4 3 6 3 8 3 9
3 i 3 3 3 5 36 39 4 1 43 4 4 4 6 ♦8
5 3 5 5 5 7 6 1 6 3 6 7 7 3 7 6 7 9 8 3
8 6 9 0 9 4 9 7 X 0 3 1 0 6 XXX x x 5 x x 7 X 3 3
: 3 7 1 3 3 » 3 5 X4 0 1 4 4 1 4 8 xsx X5 6 1 6 0 X6 4
6 9 x 7 3 X78 X8 3 1 8 9 * 9 7 3 0 3 3 0 7 314 3X9
, 3 9 3 35 3  43 3 5 i 3 5 9 3 6 7 3 7 6 3 8 5 3 9 3 3 0 3
3 0 9  3 1 9  3 ^ 6  3 3 6  3 4 s  3 5 4  3 6 x 3 7 *  3 7 8  3 8 9
3 9 5  4 0 3  4 1 1  4 3 3  4 3 1  4 3 5  4 4 8  4 5 3  4 6 4  4 6 9
4 7 8  4 8 7  4 9 7  5 0 4  5 1 3  5 a x  5 3 0  5 3 5  5 4 4  5 5 x
5 5 9  5 6 5 5 7 4  5 8 0  5 8 7  5 9 3  6 o a  6 0 7  6 x 3  6 x 9
6 2 6  6 3 0  8 3 4  6 4 3  6 4 9  6 5 3  6 6 0  6 6 3  6 6 7  6 7 1
674 681 684 687 695 695 698 703 706 707
7 z x 7x3 717 7x8 7x9 733 73 4 73 6 73 7 730
7 3 0  7 3 9  7 3 9  7 3 8  7 3 8  7 3 8  7 3 9  7 3 0  7 3 9  7 3 0
7 3 1  7 3 8  7 3 9  7 3 0  7 3 4  7 3 5  7 3 9  7 4 * 7 4 6  7 5 *
7 5 6  7 5 7  7 6 4  7 6 7  7 6 9  7 7 4  7 7 8  7 7 9  7 8 0  7 8 0
7 8 3  7 8 4  7 8 4  7 8 6  7 8 5  7 8 5  7 8 6  7 8 7  7 8 9  7 8 9
7 9 0  7 9 3  7 9 3  7 9 3  7 9 7  7 9 6  8 0 0  7 9 7  8 0 0  8 0 1
S o x  8 0 0  8 o x  8 0 3  8 0 1  8 0 0  7 9 8  7 9 8  7 9 6  7 9 5
7 9 6  7 9 4  7 9 3  7 9 X  7 9 X 7 8 6  7 8 4  7 8 3  7 7 9  7 7 8
7 7 6  7 7 3  7 7 X  7 6 5  7 6 5  7 6 0  7 5 8  7 5 6  7 5 3  7 5 3
7 4 7  7 4 5  7 4 0  7 3 7  7 3 6  7 3 0  7 3 8  7 3 5  7 3 © 7 x 8
7 x 6  7  x x 7 0 8  7 0 5  7 0 0  6 9 9  6 9 5  6 9 4  6 8 8  6 8 6
6 8 4  6 8 1  6 7 7  6 7 3  6 7 1  6 6 7  6 6 3  6 6 0  6 5 8  6 5 4
6 5 0  6 4 8  6 4 3  6 4 X  6 3 7  6 3 1  6 3 9  6 3 3  6 3 0  6 x 7
6 x 5  6 x x  6 0 7  6 0 4  5 9 9  5 9 5  5 9 X  5 8 7  5 8 4  5 8 3
578 366 370 377 380 383 389 389 390 3 9 X
39 3 39 a 393 39 a 39 a 3 9 X 390 389 389 387
385 38 x 379 378 374 373 369 367 365 361
358 355 3 5 X 349 345 343 339 337 335 330
33 7 33 5 33 o 3 X7 3 X4 308 306 304 300 395
393 389 387 383 380 3 75 373 369 363 3 59
3 54 35 x 3 49 346 3 43 34 X 338 338 336 3 33
333 333 33X 331 331 330 337 333 3X4 309
303 197 X93 X85 181 X77 174 173 169 166
X65 163 162 160 160 x 57 156 155 X54 153
x5 3 1 5 1 150 148 148 145 143 x 43 140 139
x 37 x 34 133 x 3 x x 38 xs6 X33 X3 Z x 18 116
XXX Z09 106 X04 100 97 94 93 89 87
83 80 77 75 73 70 68 66 63 61
58 57 55 53 5 X 48 46 45 44 4 X
40 39 37 36 35 34 33 33 3 X 3o
38 38 3 5 34 33 33 30 X9 X9 18
18 x 7 17 x 5 15 X 5 14 x 4 13 13
X 3 13 X X X X X z X X X X 9 9 9
8 8 7 7 7 7 7 7 6 6
Fig. 28 Print out of the evening calibrating run of 
the same day, after similar treatment
equations (2), (4) and (5) and give an SPD result in te rm s of 10A blocks. 
To obtain a resu lt based on a 100A block interval, centered at (for 
example) 5200A the energy values for 5160A, 5170A, and so on, up to 
5240A were added together, together with half the value for 5150A and 
half that for 525OA, and the resu lt divided by 10. (The other "halves" 
were of course added into the 5100A and 5300A blocks). The resu lt of 
the 5600A block did not generally come to 100, which is the value 
assigned to 5600A reading on the 10A block basis . A multiplying 
factor was therefore calculated and applied to all the 100A block 
resu lts , to make them match those of other w orkers. It is em phasised 
that th is 100A block "agglomeration" process was ca rried  out solely for 
that purpose - the 10A block resu lts  have always been regarded as the 
main resu lts .
The program m e used needed one refinem ent; generally  the f irs t 
few calibrating source readings w ere zero, owing to the opacity of the 
lamp envelope to u .v . radiation. In eqn (2) the A source readings 
appear in the denom inator. To attem pt to divide by zero has the 
effect of stopping the computer; to obviate this the f irs t and last fifty 
calibrating source readings w ere tested  for zero or negative read ings.
If such w ere found, they w ere replaced by 0.1, i .e .  a positive value 
which produced so high a resu lt that, should this device be called in 
to play, it was a t once obvious. The CIE chrom aticity calculations 
w ere not affected since at any wavelengths where this might happen, 
the distribution coefficients have the value z e ro .
The program m e (nicknamed "Coloram aplus") is shown in 
sim plified flow -sheet form  in fig. 29. It will be seen that the constants
R ead in p \ (500 va lu es)
R ead in  E A (500 va lu es)
R ead in  xA, yA, z A (1500 va lu es)
R ead in Ax (500 v a lu es) |
Set to  0 .1Y es
-»[ R ead in  SA (500 va lu es)
C alcu late E 5600 *rom  e Qn (2)
D itto  fo r  y and z
P r in t E x
Y es
Add to  ap propria te 100 A b lockAdd to  ap propriate 100 A b lock
Y es  I T e s t  fo r  X = 8000 A
C alcu late  x , y , z  from  eqn (5)
P r in t X , Y , Z |
P r in t x , y , z
W ork out s c a le  fa cto r  for  100 A b lock s
P r in t o r ig in a l 100 A  b lock  r e su lts
D itto , a fter  ap plication  of s c a le  factor
H alve E
S tore  re su lt
Set X = 3000 A
A dvance X by 10 A
P r ep a re  fo r  next run
C alcu late EA fo r  one w avelength
C alcu la te E^x* and add to 2 E Axx
T e s t  fo r  X = odd m u ltip le of 50 A
W ork out s c a le  fa c to r  to  m ake E 500O = 100
T e s t  f ir s t  50 and la s t  50 fo r  
z e r o e s  and n eg a tiv es
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were read in separately, involving 2500 reading operations, whereas 
they might have been combined to reduce the num ber to 1500. This 
was not done because there was a r isk  that the vitro lite  plate would 
be broken in field-work conditions and another piece substituted. Since 
our various pieces of v itro lite  all had different spectral ch arac teris tics  
it was advisable to retain  flexibility.
An early  print-out is shown in figs. 30 and 31, and is the actual 
resu lt shown graphically in fig. 1. It was obtained under conditions 
of brilliant sunlight at Saffron Walden. An e a rlie r  version of the 
"Coloram aplus" program m e was used, identical with that described, 
save that only one column of 100A block figures was printed, i .e .  the 
100A block figures a re  the d irect agglom erations of the 10A figures, 
and a re  not corrected  to give the 5600A resu lt the value of 100.0 in 
th is case.
The SPD figures on a 10A block basis form  fig. 30. The same 
line and column layout is used as in the "topping and tailing" 
program m e. The top left-hand figure rep resen ts the resu lt for 
3000A, the next is the line 3010A, and so on; the next line begins 
with the value for 3100A. A line is left blank every 500A, so that 
the f irs t  figure of the second "paragraph" is the resu lt for 3500A.
The resu lt for 5600A, i .e .  a value of 100 will quickly be recognised 
at the left-hand end of the second line of the sixth paragraph. The 
effect of the calcium K and H lines is indicated for the resu lts  for 
3930A and 3970A, which a re  well below those of adjacent wavelengths. 
The depression caused by the sodium D lines is evident in the values 
of 5890 and 5900A; the hydrogen C line is likewise obvious in the
0 * 0 0 •  0 0 . 0 0 . 0 0 . 0 0 . 0 6 7 8 . 4 3 0 4 . 8 9 3 •  5 1 2 8 8 .
9 6 . 9 7 5 z 6  z •  z 6 8 . 5 7 4 « 6 8 9 . 3 6 3 . 3 7 5 - x 5 8 z 5 8 . 7
4 7 * 7 5 3 5 5 9 . x 5 7 * 3 5 7 . 8 5 3 . 6 7 4 . x 5 9 * 9 5 8 7 5 3 * 3
6 5 - 3 5 a 7 5 6 . 4 5 5 * 4 4 8  .  4 4 9 . 7 5 0 .  X 4 0 . 7 4 8 6 4 8 . 4
4 7 . 6 4 5 9 4 Z . Z 4 3 . 8 3 9 * 7 3 6 . 6 3 9 . 5 4 X . 6 3 4 9 4 Z . 3
3  5  •  3 4 4 5 4 3 * 8 3 4 * 4 4 5 * 3 4 5 . 7 4 1 . 0 3 2 . 0 3 6 4 2 6 . 3
4 5 * 7 3 4 8 3 4 . 6 4 9 . 6 4 3 * 4 3 5 . 1 4 9 . 0 4 4 * 5 4 X 5 4 1 . 6
5 2 * 0 4 3 0 3 0 . 5 4 3 . 8 4 4 . x 4 4 . 9 4 X . 5 4 8 . 5 5 8 3 4 3 * 7
4 5 * 9 4 9 7 3 5 * 0 3  8 . 5 3 8 . 3 4 3 . 7 4 0 . 0 3 4 . 0 3 8 5 4 4 * 8
5  * - 3 5 7 0 4 8  . o 3  3 . 2 3 8 . 0 5 4 . 3 4 6 . 0 2 0 . 8 6 x 4 6 7 . 0
6 9 , 6 7 X 3 7 3 . 8 6 4 . 5 7 5 - x 7 5 . 4 6 6 . 7 6 6 . 5 7 6 2 7 7 . 7
5 4 * 8 7 6 z 7 8 . 9 6 9 . 5 7 o . o 7 6 . 3 8 4 . 7 7 1 . 3 7 5 9 8 2 . 4
7 3 . 3 8 5 z 8 3 . 9 8 3 . X 8 0 . 7 7 7 . 6 7 8 . 3 6 3 . 5 7 7 0 7 3 - 5
5 3 * 7 5 9 3 7 4 * 5 8 8 . 4 7 4 * 3 7 8 . x 9 3 . 3 7 9 . 8 7 0 9 8 6 . 7
7 7 * 5 85 z 9 3 . x 9 3 . Z 9 6 . 3 8 4 . 5 9 3 . 8 z o o .  4 9 7 3 l o o , 8
1 0 5 . 6 z o o 3 8 8 . o 1 0 3 . 0 9 4 - 4 1 0 2 . 7 x o 3 « 7 1 0 1 . 6 Z 0 2 3 9 8 . 9
1 0 3 . 1 Z 0 4 0 1 0 4 . 6 z o o * 3 9 6 . 6 Z 0 5 . 6 9 0 . 3 1 0 2 . 9 1 0 3 4 x o o . 7
9 8 . x Z 0 5 4 Z 0 3 . 6 1 0 1 . 9 1 0 6 . 9 1 0 2 . 6 9 9 * 8 1 0 9 . 3 X0 3 3 z  0 9 . 6
1 0 6 . 0 z z o z X 0 7 . 1 1 0 7 . 8 Z 0 6 . 5 9 4 . 9 9 6 . 9 z o z .  7 9 9 z X I I . 4
x o 8 .  5 Z 0 9 8 1 0 4 . 3 Z 0 4 . 6 Z Z 0 . 3 1 0 3 . 2 1 0 7 , 8 z z  z  .  3 X 0 5 z 1 0 9 . 9
1 0 0 . 3 9 8 4 1 0 4 . 5 1 0 2 .  3 z o 9 « 6 X O 9 . 7 1 0 3 , 8 1 0 6 . 1 x 0 7 6 1 0 7 . 8
1 0 7 . 1 z z z z 1 0 3 . 4 1 0 6 . 9 1 0 3 . 6 X 0 7 * 9 8 1 , 5 1 0 9 . 0 z o z 6 X 0 3 . 5
1 0 1 . 5 Z 0 5 0 9 8 . 3 z o 6 . s I Z I . 4 1 0 9 . 3 9 3 . 5 Z 0 2 .  Z Z 0 4 7 x x  3 * 5
x z z . o Z Z 4 8 1 0 6 . 6 X 0 9 . 7 1 0 8 . 0 z z z * 9 I I 3 . 8 1 0 3 .  8 z z o 0 1 0 8 .  3
z  0 6 ,  9 1 0 3 7 z z o . o X 0 5 . 7 X X 3 . 9 1 x 1 . 3 1 1 2 . 9 z z o . 6 1 0 5 9 1 0 7 . 9
1 0 9 . 6 z o 8 5 1 1 0 . 5 Z 0 5 . 3 1 0 9 . 2 z z z •  4 1 0 7 . 7 1 0 4 . 0 1 0 7 z 1 0 2 . 0
z o o . o Z 0 9 4 1 0 5 . 9 1 0 8 . 3 z o 3 . 6 1 0 4 . 0 z o o « 4 1 0 5 . 3 1 0 5 3 i o o . 6
Z 0 3 . 9 9 7 0 Z 0 3  .  5 X 0 4 . 7 Z 0 4 . 6 1 0 3 . 4 1 0 3 . 6 1 0 5 . 0 Z 0 4 8 z o z « 5
1 0 4 . 3 Z 0 4 0 I O 5 . 5 1 0 7 . 4 Z 0 8  . 2 z o 7 * 9 x o z  . 8 z o 6 .  5 1 0 6 4 9 4 - x
8 6 . 7 z o o 4 9 9 * 5 z o z  . 6 Z 0 4 . 0 9 8 . 9 1 0 1 . 9 X 0 4 . 3 1 0 3 z 1 0 3 . 4
X 0 5 . 7 1 0 3 3 1 0 4 . 3 X 0 4 . 5 1 0 7 . 1 X 0 6 . 9 1 0 6 .  1 1 0 6 . 8 1 0 5 8 Z 0 6  .  2
X 0 6 . 6 Z 0 5 9 z o 6 . 3 1 0 5 . 8 1 0 3 . 5 1 0 4 . 5 1 0 5 . 4 z o z . 8 1 0 3 4 1 0 3 . 6
Z 0 4 . 5 Z 0 6 3 x o 6 . o z o 7 . o 1 0 5 . 3 z o 3 . o Z 0 3 . 2 Z 0 4 * 4 9 3 9 9 8 . 7
9 8 . 4 9 9 8 9 7 . 8 1 0 0 . 7 Z 0 3  . 5 X 0 3 . 7 1 0 3 . 4 Z 0 3 . 8 Z 0 4 0 1 0 6 . 0
1 0 3 . 7 Z 0 5 0 1 0 4 . 9 z o 4 « 6 X 0 4 . I 1 0 4 . 5 1 0 1 . 4 1 0 0 . 5 9 8 0 9 7 . 8
9 9 - 4 z o z z 9 7 . 3 9 9 . 3 z o o . 9 z o o « 4 7 3 . 3 8 5 . 3 9 3 8 9 4 * 8
9 6 . 9 9 8 6 9 9 . 9 z o z .  7 Z 0 3 . X 1 0 4 . 4 1 0 3 . 2 X 0 3 . 7 1 0 5 z 1 0 6  . 6
1 0 4 .  4 Z 0 4 9 1 0 6 . 0 z o 6 . 6 1 0 7 . 3 z o 8 « 4 z Z 0 . 6 1 0 9 . 9 Z I  z 4 1 1 0 . 6
Z Z 4 . 9 1 1 0 7 z z o . 3 z z o . 6 x o 9 » 4 X 0 7 . 5 6 7 . z 7 8 . 3 8 0 2 8 1 . 8
8 3 . 9 8 4 5 8 5 . 6 8 7 * 3 8 7 . 8 8 9 . 5 9 0 . 5 9 1 . 6 9 3 6 9 3 * 8
9 4 * 7 9 5 7 9 8 . 7 9 3 . 3 9 8  . 8 1 0 0 . 6 1 0 3 . 5 9 6 . 4 X 0 5 6 1 0 6 . 8
1 0 8 . 9 Z 0 4 z 1 0 5 . 3 1 0 7 . 4 1 1 0 . 5 1 0 5 . 3 x o 7 « 5 7 8 . 5 8 x 0 7 4 * 5
6 9 . x 7 9 6 9 X . 4 8 4 . 3 8 7 . 3 8 0 .  5 8 3 . 6 8 4 . 8 8 8 2 7 9 * 4
8 3 . 9 8 6 4 1 0 3 . 3 9 3 * 3 Z Z O . 3 9 9 * 7 1 0 3 . x 1 0 6 . 8 Z Z 2 7 1 1 7 * 1
1 3 1 . 7 Z 3 4 3 Z 3 9 . 6 x 3 8 . 3 1 4 1 . 5 1 4 8 . 3 1 3 3 . 3 1 3 8 . 9 1 4 0 5 z a 6 . 8
X 5 6 » 7 1 3 4 6 1 3 8 . 9 1 1 4 . 8 1 1 8 . 6 Z 3 3  .  7 z 2 7  •  I 9 5 * 5 6 6 3 3 5 * 5
7 6 . 8 7 7 0 4 X . 9 8 7 . 8 9 6 . 8 9 6 . 9 1 0 7 . 9 Z Z 4 . 4 1 x 4 6 1 3 1 . 9
1 3 3 .  Z 1 3 0 5 1 3 0 . 7 z 4 0 . 2 7 0 . 3 1 4 0 . 6 I 5 X . 7 1 5 2 . 0 1 6 4 9 Z 6 5 . 3
x 8 o .  5 9 0 4 1 9 9 . 3 1 9 9 . 7 2 0 0  •  0 2 0 0 * 4 2 0 0 . 8 1 3 5 . 7 3 5 1 8 2 5 2 .  3
1 4 4 * 4 Z 4 4 7 3 3 8 . 3 1 6 9 . 4 X 6 9 . 7 1 7 0 , 0 1 7 0 . 3 X7 Q. 5 305 0 3 0 5 . 3
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6560 resu lt. The apparently enormous resu lts  starting at 3060A are 
false, and a re  caused by the device just mentioned to prevent division 
by zero . All the figures below 3700A in this specimen were subject 
to e r ro r , owing to the opacity of the calibrating lamp envelope. This 
point is fu rther discussed in the following section.
The other resu lts  produced by the "Coloramaplus" program m e are  
shown in fig. 31. F irs t  the tris tim ulus values X Y Z a re  printed, 
followed by the chrom aticity co-ordinates x, y, z. Then follow the 
agglom erated 100A block resu lts , starting with the block centered at 
3000A; a gap is left before the value for 4000A, 5000A, and so on.
The effect of the sodium lines on the 5900A block will be noticed, and 
the heavy oxygen absorbtion band at 7594A is also obvious.
In the la te r  stages of the work the "topping and tailing" and 
"Coloramaplus" program m es were combined to form  a single 
program m e.
3 .4  The UV Extrapolation Technique
The assumption that the SPD of the calibrating source was that of 
a Planckian rad ia to r at 2854°K clearly  would not hold in the u ltra ­
violet region where the g lass of the calibrating lamps would absorb 
radiation heavily. It was originally hoped to use quartz-iodine 
lam ps as uv Standards. There is little  iodine absorbtion in the 
3000-4500A region, and the quartz should transm it freely . It was 
hoped to m atch the q. i. lamp SPD with that of standard illuminant A 
in the red  and blue regions of the spectrum , and thus to produce a 
sim ilar rad ia to r unaffected by g lass absorbtion. Unfortunately 
the q . i .  lamps proved hopelessly unstable on D .C . operation, and
1 0 8 5 6 * 3 * 3 0  
1 1 3 1 3 . 4 7 6 0  
9928.0060 
0 .3 3 9 3  
0.3504 
o . 3 * 0 3
o . o
* 6 1 . 5
5 8 . 9
57*5
44*5
4 0 . 2
38*4
4 3 . 8
43.*
4 3 . 3
6 2 . 4  
7 Z . 3  
79*6 
7 2 . 0
8 5 . 5
97*5  
z o z  . 9
1 0 1 . 6
1 0 5 . 8  
* 0 4 . 5
1 0 5 . 5  
z o  6 . 6
* 0 3 * 7
* 0 7 * 4
z o 8 . 6
2 0 9 * 3
1 0 5 * 6
* 0 3 . 7
* 0 5 . 0  
z o o *  5
* 0 4 * 0
1 0 5 . 9  
1 0 4 * 6  
* 0 0 . 3  
* 0 4 . 3
9 9 . 8
94*9
1 0 5 . 4  
z z o . 7
8 3 . 4
9 4 . 1
* 0 5 . 0
8 4 . 6  
9 0 . 3
1 3 1 . 9
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8 1 . 7
1 1 7 * 1
1 6 7 . 4
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F ig . 31 C h ro m a tic ity  and  SED r e s u l ts  on th e  100A 
b a s is  p ro d u ced  by  th e  "C o lo ro m ap lu sn 
p ro g ra m m e
although better on A .C . they were not stable enough for this purpose.
It was soon found that the ordinary calibrating lamps had effective 
outputs at wavelengths as low as 3200A, so these were used in the 
norm al way; it was intended to m easure the envelope transm ission  
subsequent to the m easurem ents, and to make due correction for the 
absorbtion. Such a procedure would involve smashing the lamp; 
although there  was a certain  degree of reluctance to sm ash a perfectly 
satisfactory  calibrating lamp, it was greatly  increased by the 
considerable delay in getting new lam ps made and the longer delay 
in getting them calibrated.
On the grounds of convenience, some other method of obtaining a 
workable uv standard was called fo r. Since the lamps would operate 
at wavelengths as low as 3200A the following argument was used to 
devise the extrapolation technique that was ultim ately adopted.
If the power output per unit wavelength interval of a given source 
was at the wavelength X> the transm ission  factor of the mono­
chrom ator M ^  and the sensitivity of the detector S ^  , then the 
reading obtained from  the detector (assuming that the s lit which was 
sm all) would be E ^  # M ^  . S ^  . If we know all the values of 
E for a given source, then by making a run on that source and 
recording all the values for E M S , then we could determ ine 
a spectral sensitivity curve for the combined apparatus. As fa r as 
the visible region is concerned, standard illuminant A (and magnesium 
oxide) provide such a source, and a ’’sensitivity" curve can be drawn; 
the curves shown in fig. 32 w ere produced by this m eans.
When the u ltra-v io let region is considered, it seem s unlikely
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that any dram atic change in M y  would occur between 3000 and 4000A, 
since identical monochromators (used in the standard Optica spectro - 
photometers) transm it freely  at much shorter wavelengths, e .g . 2400A. 
Sim ilarly the detector sensitivity which extends down to at least 2500A 
is not likely to show sudden change as the wavelength is decreased. 
Therefore if the "sensitivity" curve is extended to wavelengths below 
the visible range, any sharp decrease of the value could be ascribed to 
the transm ission  cut-off of the g lass envelope.
Accordingly, values of the M y  S ^  function were determ ined by 
dividing each reading for a calibrating run by the value of E ^  for 
standard illuminant A. The resu lt is shown in fig. 32. It will be 
seen that at a wavelength of about 3700A, there  is a dram atic decrease 
of the apparent sensitivity as the wavelength is reduced; the curve 
plunges abruptly to zero, showing the shape which is ch arac teris tic  
of the absorbtion cut-off of g lass .
It was assum ed that g lass cut-off was solely responsible for this 
effect. The smooth curve of the M y  S y  function was extended 
below 3700A by simple visual judgement of "the best smooth curve". 
This extrapolated curve, shown as the broken curve in fig. 32, was 
taken as being the tru e  value of M ^  S ^  for those wavelengths and 
the energy values calculated previously w ere correspondingly 
amended. If at a given wavelength the observed value of M y 
is (a), and the extrapolated value is (b) then the reading obtained,
A y , Will be reduced by the ratio  a /b . Consequently the value of 
E y  obtained from  eqn (2) will be magnified by the ratio  to 
obtain the co rrected  power figure the value of E m ust be reduced
by the ratio  a /b . In view of the num ber of readings involved, the 
correction was effected with the com puter.
This procedure may be critic ised  as being crude and unreliable; 
it was necessitated by factors of tim e and convenience. The e x tra ­
polation is probably quite reliable in the region immediately below 
3700A, close to the original curve; here  the SPD values of daylight 
a re  quite high. It is equally probable that the extrapolated curve is 
less  reliab le  at lower wavelengths, e .g  near 3200A, but here the SPD 
j i values of daylight a re  so low that even a 20% e r ro r  is not of great
l f
/ significance. It must be added that the experiment has been repeated 
on separate occasions using different detectors and closely s im ilar 
resu lts  have been obtained; the sharp "edge” at 3700A being repeated 
to better than 10A.
MEASUREMENTS
The Observations
The arrangem ents for sampling the light from the sky have already
been described (sections 1.7 and 2 .1 ). It will be recalled  that these
arrangem ents w ere chosen so as to sim ulate the conditions occurring
when daylight falls on a sloping surface, ra th er than a horizontal one.
No attem pt was made to screen the V itrolite plate from direct sunlight,
as has been done in some other investigations. The object of our work
was to try  to find the conditions holding in rea l daylight; whatever fell
on the plate was m easured as a naturally  occurring sam ple. Whenever
a run was made on skylight, the following data w ere also recorded:
V itrolite screen  direction ( i.e . N facing o r S facing)
Sky condition
Wind direction and approximate strength 
A ir tem perature 
Time and date
In la te r  observations, the degree of cloud cover.
(The relevant instrum ent settings w ere also recorded, i .e .  slit 
width, EHT voltage, value of load re s is to r , and in phase II the starting, 
f ilte r  changing and stopping wavelengths).
The "sky condition" was simply the opera to r's  description of the 
appearance of the sky, e .g .  "Grey, overcast" o r "Blue sky, light haze". 
The method of describing the sky in term s of the degree of cloud cover 
was not originally adopted because it was thought that the degree of 
cloud cover is not always useful from  the colorim etric  point of view.
For example, a thin layer of very high cloud is generally disregarded 
in considerations of cloud cover, but it has a considerable bearing
180
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Fig. 33 Kelly's iso-temperature lines
on the SPD recorded. Our findings confirmed this view. One fact of 
particu lar in terest emerged from  the observations of sky condition; 
days when there is no cloud in the sky whatever a re  ra re .
The wind strength was recorded in general te rm s. The wind 
direction was thought to be of m ore in te rest than its strength; it was 
thought that, at the Putney site, effects due to atm ospheric pollution 
might be revealed by a change of wind direction. The a ir  tem perature 
was recorded mainly because it was thought that it might affect the 
m onochromator calibration. Experience has shown that the calibration 
is extrem ely constant, and is little  affected by tem perature, even when 
the apparatus is exposed to brillian t sunshine.
The recording of weather conditions in this way was rudim entary. 
However it is doubtful, if any m ore refined recording of weather 
conditions would be worthwhile. Visual observation of the sky shows 
that the most significant factor in determ ining the SPD is the position 
of clouds in sky, relative to the apparatus, and this is not easily  r e ­
corded. The resu lts  of this work, discussed in section 6, confirm 
th is.
The work was ca rried  out entirely  in the open, and the resu lts  
obtained a re  undoubtedly m ore representative of fa ir-w eather 
conditions than foul-w eather conditions. Not unnaturally the operators 
did not greatly  re lish  working in foul weather; a m ore serious difficulty 
was the fact that ra in  falling on the V itrolite visibly altered  its 
reflection ch a rac te ris tic s . The safety of the operators was the 
paramount consideration; they could not be asked to use equipment 
involving voltages of up to 2kV when the site was ankle-deep in w ater,
.36.26 .32.28 .30
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Fig. 34 Chromaticity values recorded in the 1966-7 
series of Phase II. For clarity, the Kelly 
lines are shown for 20-mired intervals
or when the wind was such that there was some danger of the V itrolite 
plate blowing away. On one occasion a V itrolite plate was smashed in 
th is way, and on another about half a gallon of w ater was found in the 
bottom of the monochromator casing.
It has not been possible to sample the complete gamut of weather 
conditions - to do so would require  a very  extended se rie s  of m easu re­
m ents. No snow has fallen on the Putney site  for th ree years; nor 
has there  been any fog. These facts seem  to indicate that, despite 
the optical in terest of such conditions, th e ir occurrence is relatively  
ra re .
Likewise, it has not so fa r  been possible to c a rry  out a se rie s  of 
m easurem ents throughout a whole calendar year. In view of the 
vagaries of the English weather, this is not a very  serious drawback.
F o r example, one might expect that there  would be m ore sunshine in 
July than in February; but February  1967 was completely untypical, 
with sunshine alm ost every day. M oreover, for a given correlated  
colour tem perature, there  is little  difference between w inter SPD’s and 
sum m er SPD’s . The author is of the opinion that, as fa r as m easu re­
m ents in this country a re  concerned, provided an adequate range of 
weather conditions has been sampled on an adequate num ber of occasions 
the resu lts  will be properly  representative of actual conditions.
The M easuring Sites
The site  at Putney is at longitude 0°12’ W and latitude 51 28’ N 
and is situated on the flat roof of a two storey building. The height of 
the working plane of the apparatus is about 50 feet above sea level.
The view is en tire ly  c lea r on the South side, but it is cut off at 10
32
Fig. 35 Chromaticity values for north facing runs
above the horizon on the North side by a roof covered with black s la te . 
There is no obstruction to d irect sunlight until shortly before sunset. The 
various surfaces on the ground visible on the south side a re  dark ones - 
dirty  stock bricks and creosoted garden fences form the largest p ro ­
portion of the ground scenery.
The site is located about three m iles south-west of the centre of 
London, in a typical business d is tric t. There is no evidence of 
atm ospheric pollution from any single nearby source, although there 
are  three very large coal fired  power stations lying between one and 
two m iles to the north east; the winds are  nearly  always from the west 
or south-w est. The atm osphere is considerably polluted from m inor 
sources, and especially from exhausts from m otor vehicles. The site 
is immediately adjacent to two m ajor road junctions where large 
num bers of vehicles stand with engines running at all hours of the 
working day .
The site at Saffron Walden was at longitude 0°16' E and latitude 
51°4’ N and was on a concreted a rea  at ground level. (It was on the 
foundation of a large greenhouse under construction). The height of
j
the apparatus was 335 feet above sea level. The view to the South 
was over an orchard of m iniature tre e s ; the sky was obstructed at 
about 8° above the horizon by a row of tre e s  about 300 yards away,
On the North the view was obstructed by a greenhouse roof at about 10° 
above the horizon. The sun was obstructed about two hours before 
sunset by the said tre e s ; no m easurem ents w ere made there afte r 
that tim e.
This site is in an entirely  ru ra l a rea  about four m iles north of the
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Fig. 36 Chromaticity values for south facing runs
town of Saffron Walden, and fifteen m iles south-east of Cambridge, 
which is the nearest large city. It is  n ea r the c re s t of a low hill and 
the prevailing wind is from  the w est. There was no obvious indication 
of atm ospheric pollution from  local sources, except on a few occasions 
when local fa rm ers  adopted the practice known as "stubble burning"; 
m easurem ents w ere suspended at such tim es.
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Fig. 37 Mean chromaticity values for 
the 10-mired groups
5 - r e s u l t s
In the following sections 5, 6 and 7, the resu lts  a re  reported and 
discussed. F or sim plicity, all the resu lts  obtained a re  discussed in 
these sections; reservations a re  made about the accuracy of some of 
them, and those which a re  considered fully reliable a re  set out in 
section 9 under the heading "Results for Publication". In particu lar 
some of the resu lts  recorded were dubious at wavelengths g rea te r  
than 7000A, and for that reason the SPD curves a re  shown as dotted 
curves in that region.
5.1 The Results Obtained and Their Presentation
Table 5 shows details of the various groups of runs obtained.
T ableS
Phase I Phase II
Time of year July-Sept. 
1963 *
August 1964 Sept. -October 
1964
July 1966 - 
F ebruary  1967
Location Putney Putney Saffron Walderi Putney
Block width 100A 10A 10A 10A
Effective
wavelength
range 3500-6500A 3000-7300A 3000-7300A 3300-7300A
No. of North 
facing runs 21 5 4 168
No. of South 
facing runs 22 4 17 193
Total No. of 
runs 43 9 21 361
A total of 434 runs is thus reported h e re . (At the tim e of writing 
m ore resu lts  a re  being collected). The differences in the effective 
wavelength ranges a re  due to the use of different detectors and standard
Number
Runs
220160120 140100
C C T  in Mireds
Number
Runs
240160 220140120 200180100
C C T  in Mireds
Fig. 38 above, and Fig. 39 below. Distribution of 
runs between 10 mired groups, for north 
facing and south facing cases respectively
lam ps. The only standard lam ps readily  available fo r the final se rie s  
of phase II had no uv output whatever below 3200A, and so the extro- 
polation technique could not safely be used below 3300A. However, 
the recorded readings of the detectors shows that they w ere operating down 
to 3000A; our recorded data cover the range 3000-8000A for this group 
but it has not yet been possible to provide an adequate calibration for the 
range 3000-3300A. It is intended to rectify  this at the f irs t opportunity.
The CIE chrom aticity value, using the 1931 2° distribution 
coefficients, has been calculated for every SPD recorded, and in phase II 
the SPD resu lts  have been calculated on both a 10A and 100A block basis for 
each. run.
In common with other w orkers^’ ^  it has been found that the
SPD of light from  a large portion of the sky on any occasion roughly
resem bles that of a Planckian rad iato r whose tem perature lies in the
range 4500°K - infinity. All the chrom aticity values recorded in the
final se rie s  of phase II a re  shown in fig. 34; they lie  in a narrow  zone
paralle l to the locus of chrom aticities of Planckian ra d ia to rs . It is
found that the chrom aticity typifies the SPD within certain  lim its, but
does not do so absolutely. This point is  discussed below. The
chrom aticity values o r the approximate colour tem perature can thus be
used to loosely specify the type of SPD obtained on any occasion. For
this purpose, co rrelated  colour tem peratures (abbreviated to CCT) as
17defined by Judd and Kelly a re  used. (See fig. 33), Colour tem p er­
a tu res a re  generally  expressed in this thesis in the reciprocal, o r so- 
called ’’m ired ” scale . That has the advantage that subjectively equal 
colour steps correspond to roughly equivalent m ired s tep s ,
120n
80
Number
of
Runs
40-
120 140 160 180~
C C T  in Mireds
60 80 200 220 240
Fig. 40 Distribution of all runs between 10 mired
groups
Since the SPD of skylight can vary  widely and rapidly, there  is
little  point in putting forward a single "grant mean" curve. The
16practice adopted by Winch has been used h ere . Every resu lt 
obtained has been classified  according to its correlated  colour tem p er­
a ture . The mean resu lt of each group corresponding to a range of ten 
m ireds has been calculated, using separate groups for "north facing” 
and "south facing" resu lts* .
The mean resu lts  for some typical 10-m ired groups are  shown in 
figs. 41 to 44 on the 10A basis . The num ber of runs in each group, 
together with the mean chrom aticity point and group reference number, 
a re  shown in table 6 . The chrom aticity values for each run a re  shown 
in figs. 35 and 36, for north facers and south facers respectively 
together with Kelly’s iso-tem perature lines. The chrom aticity points 
corresponding to the mean SPD's of the 10-m ired groups a re  shown in 
fig. 37. The sta tis tica l distribution of this group of 361 runs between 
the m ired groups is shown in figs. 38, 39 and 40.
Although the chrom aticity o r CCT is a convenient way of indexing 
the type of SPD observed, chrom aticity o r CCT resu lts  convey little  
useful information in them selves. F or the purposes of the botanist,
architect, o r photobiologist, colour information alone is useless and
15
information in SPD form  is needed. It is som etim es held that a
specification of CCT is sufficient to specify the SPD, but this is by no
means the case, as fig. 45 dem onstrates. F o r many purposes the
SPD in 10A block form  is needlessly  detailed, and the 100A block form
is satisfactory  . A com parison of the two form s of presentation is
*The te rm s "north facers"  and "south fa c e rs” a re  used to mean 
respectively north and south facing ru n s .
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shown in fig . 46.
It has been found in this work, as Henderson has found, that the 
relation  between the distribution in the uv and the visible part of the 
spectrum  is not reg u la r. In other words, chrom aticity figures and 
CCT* s convey no significant information about the uv part of the 
spec trum .
The Absorbtion Lines and Bands Observed
The reco rd er traces  and final SPD’ s obtained invariably show a 
m ass of absorbtion lines and bands exemplified by fig. 47 . Some of 
the lines a re  clearly  Fraunhofer lines, whilst others a re  caused by 
absorbtion in the earth ’ s atm osphere; some assignm ents a re  indicated 
in fig . 47 and table 7 . The SPD curve shown in fig. 47 is a typical 
south facer whose CCT is alm ost exactly 5500°K. The assignm ents
of the absorbtion bands a re  those of Curcio, Drum m eter and
• ',1 8  K nestrick
Since the m onochromator used had a total band width of 12A and 
the recorded curves w ere only sampled at 10A intervals, the SPD 
curves shown a re  of lim ited value in identifying Fraunhofer lines, 
of which over 30, 000 a re  known. The common occurrence of 
Fraunhofer lines from  different elem ents at closely s im ila r wave­
lengths also com plicates in terpretation of the r e s u l ts . As an 
example consider the two troughs invariably found in the curves near 
3940 and 3970A - the K and H lines; obvious assignm ents a re  the 
lines of Ca at 3934 and 3968A. The 3934 trough is always perceptibly 
w ider than the 3968 one. A possible explanation is that these troughs 
a re  also  partly  due to absorbtion by aluminium in the so lar atm osphere
ib
d-
3 G l i t ) ~ 3 y
which would give strong lines at 3944 and 3962.
If the crude assumption is made that the conditions of the so lar 
atm osphere a re  s im ila r to those of an electric  a rc , then it can be 
argued that the intensity patterns of absorbtion lines should resem ble 
those reported on for a rc s  in wavelength tables commonly used in 
em ission spectroscopy. In general the SPD resu lts  obtained do not 
support this idea, nor do the actual reco rd er traces  - e .g . the 
m ajority  of the strong iron lines cannot be distinguished on our 
records, although all the m ajor lines of hydrogen, sodium and 
aluminium a re  found.
This assum ption might be such an over-sim plification as to be 
quite invalid, but the point is  worthy of fu rther study. It is not in 
the scope of this work to make a detailed study of so lar absorbtion 
m echanism s, but these resu lts  might contribute towards such a 
study. It is in any case intended (in a la te r  publication) to c a rry  
out studies of the variance of the SPD resu lt obtained for each 10A 
point, with the object of determ ining which bands a re  affected by 
local atm ospheric effects.
Many of the lines and bands a re  due to atm ospheric oxygen and 
w ater vapour; at wavelengths below 3000A the m assive absorbtions 
of CL, CL and N0 render the atm osphere opaque. Otherwise there£ O £
is no obvious absorbtion by any single gas in the E a rth ’s atm osphere, 
other than the bands indicated in Table 7.
The Chrom aticity Results
The chrom aticity resu lts  for the 1966 se ries  a re  shown separately  
fo r north facers and south facers in figs. 35 and 36. The mean
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chrom aticity values for the 10 m ired groups a re  shown in fig. 37, and 
a re  given in table 6 . The difference in the range over which the 
individual resu lts  spread will be noted, together with the increasing 
degree of sca tte r at higher colour tem peratu res. These effects may 
be partly  explained if skylight is considered as being composed of th ree 
components viz: -
(i) d irect sunlight
(ii) light diffused by clouds
(iii) light scattered  by minute partic les of w ater vapour and
other m atter in the atm osphere.
Lord Rayleigh showed that the intensity of scattered  radiation under
heading (iii) would be proportional to i  . ; much m ore blue light
A
would thus be scattered  than red, producing the fam iliar blue colour 
of the zenith sky on a c lear day. Consequently d irect sunlight will be 
depleted in blue and near uv energy, especially when the path length is 
long - this is responsible for the red appearance of the sun at sunset, 
and for the a r t is t ’s conception of the midday sun as yellow. When 
diffusion occurs in low cloud a mixed sample of types (i) and (iii) is 
obtained, so that clouds appear white. On days when the sky is 
completely covered with a uniform cloud layer, the sky reveals the 
true  colour of the sun, since the mixing is complete.
In the case of south facers , it is to be expected that the chrom aticity
range will be lim ited. If the sun is not obscured, d irect sunlight will 
fall on the v itro lite  plate, and since it is nearly  always the most 
intense contribution of the total skylight, the yellowest colour recorded 
cannot be beyond that of the sun viewed directly , i .e .  somewhere near 
4800°K. If the sun is obscured by cloud then some degree of diffusion
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will occur, but even if the sky is total cloud, the integration effect just 
mentioned will operate so that "the colour of the sun outside the 
atm osphere" will be produced, i .e .  about 6300°K. It is possible that 
a single thick cloud between the sun and the apparatus could lead to a 
preponderance of blue sky light, but a south facing resu lt of higher 
than 8000°K has never been obtained.
When the apparatus is facing north, the d irect sunlight may be 
completely excluded if the sun is low in the sky; when d irect sunlight 
can fall on the plate it will do so at a large angle of incidence. D irect 
sunlight is thus much less  significant than it is in the south facing case. 
Consequently the chrom aticities observed can range from  that of the 
c lear blue sky, through the completely overcast condition, to the case 
where strong d irect sunlight is falling on the screen .
The increased sca tte r at higher CCT's is partly  due to the relatively 
long scanning tim e. If the sky changes during a run, then changes of 
luminance will be compensated but a change of SPD will not. Whenever 
an obvious change occurred e .g . the sun being suddenly obscured by 
cloud, the run was rejected; but sm all changes of SPD, such as occur 
when the sky is completely covered in thin cloud a re  not d iscernible 
to the operator. Consequently sca tte r appears in the resu lts  where 
there  was a preponderance of cloud light, and little  o r no d irect 
sunlight, i .e .  at higher C C T's. Since it is random, the mean of a large
num ber of runs should give a satisfactory  resu lt; Judd, commenting on
6 ■■ 15H enderson's use of this procedure , felt that it was quite satisfactory  .
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Table 6(a)
North F acers
Range of CCT’s in 
M ireds
Number of 
Runs
Mean Chromaticity 
x y
Group Reference 
Number
80-90 2 .2710 .2799 T1
90-100 1 .2734 .2840 T2
100-110 2 .2811 .2946 T3
110-120 6 .2879 .3055 T4
120-130 21 .2942 .3066 T5
130-140 20 .3026 .3163 T 6
140-150 44 .3063 .3229 T7
150-160 44 .3128 .3263 T 8
160-170 12 .3200 .3344 T9
170-180 12 .3278 .3409 T10
180-190 2 .3373 .3494 T i l
190-200 1 .3417 .3526 T12
200-210 1 .3471 .3542 T13
Table 6(b) 
South F acers
Range of CCT's in 
M ireds
Number of 
Runs
Mean Chromaticity 
x y
Group Reference 
Number
120-130 1 .2942 .3212 T25
;130-140 5 .2999 .3206 T26
140-150 20 .3075 .3248 T27
150-160 54 .3140 .3284 T28
160-170 42 .3198 .3331 T29
170-180 29 .3275 .3409 T30
180-190 17 .3334 .3474 T31
190-200 16 .3409 .3527 T32
200-210 7 .3460 .3554 T33
210-220 2 .3550 .3600 T34
The reference num bers for the south facing groups a re  20 g rea te r 
than those for the corresponding north facing groups
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Table 7
Principal Absorbtion Lines and Bands Observed
Wavelength Points Fraunhoferle tte r Possible assignm ent
3360 P 3361 Ti, 3362 Cu
3440 O 3441 Fe
3570-80 N 3581 Fe
3610-30 3624 Cu, 3631 Ca
3650 3644 Cu
3730 M 3734 Fe, 3737 Fe
3830 L 3820 Fe, and several Mg 
lines
3930 K 3934 Cu, 3944 A1
3970 H 3968 Cu, 3974 Ca 
3961 A l, 3971 H
4100 h 4102 H
4230 g 4227 Ca
4310 G 4308 Fe, 4308 Ca
4340 G’ 4340 H
4530 4526 Ca
4670 Possibly 4668 Na
4860 F 4861 H
5170-80 b, to b , 1 4 5167 Fe, 5167 Mg, 5173 Mg, 5174 Mg
5260-70 E2 5263 Fe, 5270 Fe
5410 Atm ospheric H O bandsZd
5430 f t  t t  I !
5890 D 5890 Na, 5896 Na, 
possibly 5876 He and 
atm ospheric H^O bands
6270 Atm ospheric O bands
6290 t t  t t  f l
6310 H20  "
6480-90 t t  t !  t t
■ ■ • 6510-20 t t  t t  t t
cPh
Table 7 (Contd.)
Wavelength Points Fraunhoferle tte r Possible assignment
6560 C 6563 H
6860 B Atmospheric O bands
6880 f t  f t  t t
6930 h 2o  "
7170-7210 f t  I f  ! f
7240-70 M f t  t t
7290 f !  f f  f t
7310 f t  t t  f f
7590 A 7594 Atmospheric 0 2 band 
system . Very intense
7620-60 A 7621 Atmospheric 0 ^ band 
system . Very intense
7880-7900 Atmospheric bands
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SOME STUDIES OF THE RESULTS
The Results of Phase I - The MSelectacode', Study
A study of the results, of phase I was made with the help of a
com puter. All the power values obtained w ere stored in the memory, 
and then by inserting a set of num bers representing chosen weather 
conditions, the mean resu lt (SPD and CIE chrom aticity) for all runs under 
those conditions was calculated. (The niclqiame "selectacode" arose  from  
the selection processes involved). It is not yet feasible to use this 
technique for phase II because of the large memory that is needed.
The num ber of resu lts  obtained in phase I was not large, and they did 
not cover a whole range of sky conditions e .g . only two south facing runs 
were made on cloudless days. In consequence a complex selection of 
conditions e .g . "South facing, c lea r sky, NE wind, 4-5 p .m ."  was not 
possible because no such runs w ere obtained.
F or the purpose of this study the conditions were each categorised 
in two o r th ree ways, as shown below:
Screen direction: North o r South facing
Sky conditions: (i) C lear sky, no cloud
Wind direction:
(ii) Sky partly  c lea r and partly  cloudy
(iii) Sky completely overcast
(i) Wind between south and west (i.e p re ­
vailing direction)
(ii) Wind between north and east
(iii) Zero wind
A ir tem perature: (i) above 25°C 
(il) 18-25°C 
(Iii) below 18°C
ja/woj 9A!iH|ay
Time of day: (i) Noon period 1100-1300 GMT
(ii) 0900-1100 and 1300-1500 GMT
(iii) before 0900 and after 1500 GMT
The mean chrom aticities for the th ree conditions of sky, for north 
facing and south facing conditions a re  shown in fig. 48. The mean 
chrom aticity for a ll runs of phase I is also shown, and the mean SPD for 
all runs of phase I is shown in fig. 49. It will be seen that the SPD is 
low at the red end of the spectrum ; the detectors used in phase I w ere 
known to be low in red sensitivity, but the calibration process should 
have fully co rrected  that. In view of our la te r  experience in phase II, 
and that of a ll other w orkers, the author feels that this drop in the red 
m ust be due to some defect in the particu lar photomultiplier used. It 
was replaced before phase II was started . The chrom aticities of 
phase I (fig. 50) a re  noticeably fu rther from  the red part of the CIE 
spectral locus than those of phase II.
The mean CCT obtained was about 7090°K i .e .  141 m ireds. 
Comparison with figs. 35, 36 for the 1966 se rie s  of phase II shows that 
this is a distinctly higher CCT than that of the bulk of our resu lts , but 
that is probably due to the sm all num ber of resu lts  in the sam ple. The 
mean chrom aticities for the th ree sky conditions, show what was la te r  
amply dem onstrated in phase II - the mean south facing resu lts  a re  
much lower than mean north facing resu lts  when the sun is shining, or 
the sky is mixed; but when it is fully overcast, the means alm ost co ­
incide. In o ther words the overcast sky acts as a uniform diffuser. 
There appeared to be no correlation of chrom aticity with wind d irection .
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The Phase II Results
The chrom aticity resu lts  for the 1966 se rie s  of runs a re  shown in 
f ig s . 34 to 36. Some obvious causes of the different chrom aticities 
observed for the two screen orientations have already been given. The 
sca tte r of the north facers is much la rg e r  than that of the south facers; 
not only do the north facers cover a much wider CCT range, but the 
spread in the direction perpendicular to the Planckian locus is la rg e r  
than for south face rs . Moveover this sca tte r in the perpendicular ( i.e . 
purple-green) direction increases markedly towards the higher CCT's 
observed. However, the means of the 10 m ired-groups rem ain close 
to the Planckian locus, and a curve drawn through them is nearly  
parallel to the locus (the resu lt for the 110-120 m ired group is the 
"m ean” of only two runs).
It seem s unlikely that this effect is due to any defect in the apparatus, 
since the variation in SPD between the yellowest and bluest resu lts  ever 
found is not enormous; the sca tte r  of south facers is gratifyingly sm all. 
The charac teris tic  difference between resu lts  of low and high CCT is 
that the fo rm er occur under sky and observation conditions which favour 
d irect sunlight, and the la tte r occur when there  is m ore scattered  light. 
Unless the sky is heavily clouded, d irect sunlight form s the most 
intense component. If it is assum ed that the amount of light lost from 
the d irect rays of the Sun by scattering is modified by absorbtion and 
scattering  processes in the atm osphere, then one should assum e that 
the d irect sunlight would be little  affected by variations of the a tm o s­
phere, w hereas the scattered  light would be greatly  affected. The 
resu lts  observed a re  consistent with th is assum ption.
5 0 0 0  K
y
7 0 0 0  K
9 0 0 0  K
.28 .29 .30 .31 .32 .33 .34 .35 .36
F ig . 51 Mean ch ro m atic ity  resu lts  fo r  d ifferen t degrees of cloud cover -  north facers
6 .2 .1  Variation of Chrom aticity with Sky Conditions
The f irs t 202 results of the 1966-67 se rie s , a fte r separation into 
north facers and south facers, w ere classified  under the headings of 
degree of cloud cover, wind direction, and tim e of day. Then, taking 
each param eter separately, the mean chrom aticity was calculated for 
the various classifications chosen.
The resu lts  a re  tabulated in the following sections and a re  briefly 
commented upon. These resu lts  should be trea ted  with some m easure 
of caution, because in some cases the "mean resu lt"  was the mean of 
only two o r th ree runs. In other cases, all the runs obtained of one 
group may have been taken on the same day. The sample of 202 runs 
considered here is not large enough to properly represen t every 
condition of sky, wind, and tim e of day. To do so would be alm ost 
im possible, because these three variables a re  by no means independent.
6 .2 .1 .1  Variation of Chrom aticity with Cloud Cover 
North F acers: Table 8(a)
Degree of Cloud 
Cover
Chrom aticity Co-ordinates 
x y
Number of Runs 
in group
0/10 .3160 .3262 21
1/10 .3022 .3128 13
2/10 .3041 .3187 17
3/10 .3084 . 3234 5
4/10 .3134 .3283 7
5/10 .3106 .3261 6
6/10 . 3083 .3229 7
7/10 .3108 .3265 3
8/10 .3109 .3224 4
9/10 .3302 .3444 7
10/10 .3178 .3331 14
TOTAL 104
5 0 0 0  K
y
7 0 0 0  K
9 0 0 0  K
.34 .35 .36.31 .32.30 .33.28 .29
x
F ig . 52 Mean chrom aticity resu lts fo r  different degrees of cloud cover -  south facers
South F acers: Table 8(b)
Degree of Cloud 
Cover
Chrom aticity Co -ordinates 
x y
Number of Runs 
in group
0/10 .3260 .3370 6
1/10 .3279 .3424 3
2/10 .3162 .3332 3
3/10 .3213 . 3336 8
4/10 .3211 .3335 4
5/10 .3204 . 3302 3
6/10 .3189 .3320 8
7/10 .3181 .3321 7
8/10 .3175 .3294 10
9/10 .3157 .3295 12
10/10 .3140 .3285 34
TOTAL 98
These mean chrom aticity resu lts  a re  shown in figs. 51 and 52, for 
north and south facers respectively . The sm all num bers indicate the 
num ber of tenths cloud cover. There is no obvious correlation between 
cloud cover and mean chrom aticity; in the case of north facers the only 
striking feature is  that the 9/10ths and 10/10ths points fall at lower 
CCT's than the o thers.
The widely divergent resu lt for the 9/10ths north facing group is not 
in e r ro r .  All the north facing resu lts  obtained under 9/10ths cloud 
cover happened to be taken on a single day, when the w eather conditions 
w ere unusual. The opera to r's  comments on sky appearance on that 
day re fe rred  again and again to "very diffuse light" and to "haze with 
the sun som etim es breaking through". Evidently there  was a layer of 
haze lying over the site . These resu lts  a re  consistent with the 
presence of haze form ed of w ater droplets whose size was relatively
large compared with the wavelength of visible light. It has been
32 33pointed out by M oller and by Middleton , that w hereas a haze formed
by droplets much sm aller than the wavelength gives r ise  to Rayleigh 
scattering, a haze produced by large droplets has a different scattering 
charac teris tic , the scattering coefficient being roughly inversely p ro ­
portional to the wavelength. There is relatively much m ore forward 
sca tte r under these conditions, and therefore an effect not unlike that of 
d irect sunlight was produced on that occasion. Collins has reported a 
s im ilar occasion in the course of routine m easurem ents of CCT of day­
light.
The mean south facing resu lts  show a trend towards higher colour 
tem peratures as cloud cover increases. When north facing and south 
facing resu lts  a re  superim posed, there  is some indication that as cloud 
cover increases the chrom aticity resu lt moves towards the mean value 
of all re su lts . That is, the finding of phase I, that the completely 
overcast sky acts as a uniform diffuser is  confirmed.
It is obvious from these resu lts  that (as originally surm ised) 
visually estim ated cloud cover is of little  use in the prediction of the 
SPD of daylight. The position of cloud in the sky, relative to that of 
sun and observer is much m ore im portant, but it is im possible to 
specify in sim ple te rm s .
F ig . 53 Mean ch rom atic ity  r e su lts  fo r  various wind d irec tio n s - n o rth  fa c e rs  
( 'O ' ind icates zero  wind)
6 . 2 . 1 . 2  Variation of Chrom aticity with Wind Direction
North F acers: Table 9(a)
Wind
D irection
Chrom aticity Co-ordinates 
x y
Number of Runs 
in group
Zero wind . 3003 .3155 7
N orth-East .3144 .3288 20
North .3168 .3303 25
North-W est .3144 .3289 13
West .3090 .3204 20
South-West .3099 .3207 19
TOTAL 104
ith F acers: Table 9(b)
Wind Chrom aticity Co-ordinates Number of Runs
D irection X y m group
Zero .3279 .3426 2
North .3129 .3262 16
West .3164 .3270 11
South-West .3180 .3319 59
South ........ .3200 .3319 10
TOTAL 98
No south facing runs w ere obtained with NW, NE, E o r SE winds.
These mean resu lts  a re  shown in figs. 53 and 54. It is rem ark ­
able that the two zero wind cases a re  at the two ends of the range - 
when the wind is S, SW, o r W, the means for both north facers  and 
south facers  fall n e a re r  the central point, that is produced when the 
sky is completely overcast and when the wind is N, NE, o r NW, the 
means fall nearly  at the central point.
F ig . 54 Mean ch ro m atic ity  re su lts  fo r  various wind d irec tio n s  - south fa c e rs  
( 'O ' ind icates ze ro  wind)
These findings could possibly be explained in two ways, viz:
The degree of cloud cover is associated with wind direction and 
velocity. When there is no wind there is nearly  always a cloud- 
free  sky in sum m er; the predominant SW wind generally  brings 
a lot of broken cloud with it. The variations observed could 
m erely  be a consequence of such effects .
The Putney m easuring site lies SW from  three large therm al 
power stations which emit immense quantities of finely 
divided partic les (evidenced by the magnificent Christianssen 
effects som etim es observed over th e ir  stacks at sunset). We 
might therefore expect a good deal of diffusion by fine partic les 
in the atm osphere when the wind is from the N orth-E ast. If 
we assum e that the atm osphere of London in general contains 
large amounts of optically diffusing m aterial then the sam e 
applies to winds from NW, N, o r E; a W or SW wind would 
c a rry  such diffusing m atter away from  the site . If we further 
assum e that this particulate m atter is of a dust-like m atter, 
we would expect it to fall to the ground when there  is no wind. 
These postulations would explain our findings; it might be 
thought that they a re  ra th er far-fetched, but some of our 
la te r  conclusions lend them support.
5 0 0 0  K
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7 0 0 0  K
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F ig . 55 M ean ch ro m atic ity  resu lts  fo r  various tim es of day -  north  facers
6 .2 .1 .3  Variation of Chrom aticity with Time of Day
North F acers: Table 10(a)
Period
(GMT)
Chrom aticity Co -ordinates 
x y
Number of Runs 
in group
9-10 (1) .3213 .3341 5
10-11 (2) .3181 .3305 22
11-12 (3) .3124 .3242 26
12-1 (4) .3072 .3216 11
1-2 (5) .3094 . 3247 22
2-3 (6) . 3070 .3199 14
3-4 (7) .3068 .3219 4
TOTAL 104
South F acers: Table 10(b)
Period
(GMT)
Chrom aticity Co-ordinates 
x y
Number of Runs 
in group
9-10 (1) . 3268 .3373 6
10-11 (2) .3196 .3297 19 ‘
11-12 (3) .3170 .3283 17
12-1 (4) ' .3171 .3305 16
1-2 (5) .3176 .3311 24
2-3 (6) .3177 .3330 12
3-4 (7) .3139 .3271 4
TOTAL 98
The figures in brackets a re  the identification num bers used in 
figs. 55 and 56.
It would be expected that the mean chrom aticity observed would 
vary in a regu lar way with the position of the sun in the sky, and thus
S O O O  K
y
.32
7 0 0 0  K
9 0 0 0  K
X
F ig . 56 Mean chrom atic ity  resu lts  fo r  various tim es  o f day -  south facers
with the tim e of day. When south facing m easurem ents a re  made one 
would expect that, as the sun r is e s  higher in the sky during the morning, 
the relative contribution of d irect sunlight would increase, and skylight 
would decrease; the rev erse  should happen in the afternoon.
What is observed in fact is illustrated  in fig. 56. During the 
morning, the mean chrom aticity point moves toward the central white 
a rea , but from  about noon onwards it rem ains roughly constant - it 
certain ly  does not rev e rse  the trend as the sun falls lower in the sky. 
Reference to fig. 55 shows that north facing resu lts  show the same 
trend - but when the north and south facers a re  compared, the trends 
in the two cases a re  alm ost identical. Not only does the mean 
chrom aticity point move in the same general direction, but it moves 
slightly away from the Planckian locus a fter midday and shows a very 
slight recession  about 2 p .m . before moving slightly towards the blue 
at 4 p .m .
Such consistency is rem arkable, and leads to the question "Is 
the apparatus stable? ” . Examination of the shift from  morning to 
midday for north facers shows that the mean point moves from  about 
165 m ireds to 145 m ireds; that corresponds roughly to a 12% 
increase of power in the region of 4500A and a 12% decrease at about 
6500A. But the variations observed between morning and evening 
calibrating runs a re  very  much le ss  than th is; it seem s unlikely that 
drift in the apparatus could explain this finding. M oreover, on one 
occasion the apparatus was switched on at about 2 p .m . instead of 
9 a .m . ,  and the resu lts  obtained conformed to the tim e pattern just 
mentioned, i . e . ,  they w ere alm ost constant.
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It may therefore be taken that the effect is rea l. No correlation 
could be found between the degree of cloud cover and tim e of day, which 
leaves the fact that the trend does not rev erse  afte r noon. This could 
be taken to indicate that the position of the sun in the sky is not of 
great im portance, i .e .  the effect of sun and sky together is to largely  
compensate each other. When the sun is low, and the atm ospheric 
path is long, there  is much sca tte r which depletes d irect sunlight of 
the sho rter wavelengths; but that scattered wavelength still reaches
the ground as skylight. This resu lt is  strongly supported by the
30 22findings of Schulze , and Condit and Grum . The CIE Committee
E 2 .1 .2  also confirm it in a recent report .
This argument does not explain the observed trend of r e s u lts . If
the resu lts  for any one day a re  taken the trend is found unless some
severe alteration in the w eather has occurred, e .g . the passage of
a warm front. This trend corresponds to the introduction to the
atm osphere of large amounts of diffusing m atter during the day, which
is removed at night. A source of pollution which corresponds to this
tim e pattern is exhaust gas from m otor vehicles; alternatively dust
created by m otor vehicles in other ways could account for it.
32 34M oller , mentions the conclusion of Fenn , that the dust in city
atm ospheres is largely  composed of coal dust. W hatever the source,
this finding reinforces those mentioned in the previous section.
Comparison of "North Facing'* and "South Facing’* Results
The mean resu lts  for some of the north facers w ere compared with 
those for south facers; the mean resu lts  for the north facing groups
150-160, 160-170, and 170-180 m ireds being compared with the
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corresponding mean resu lts  for south facing conditions. The 150-160 
mean resu lts  on the 100A -block basis for north and south a re  shown 
together in fig. 57. Since the two sam ples did not produce quite the 
sam e chrom aticity the north resu lts  a re  a little  higher in the blue, and 
lower in the red, than the south resu lts . There were 44 runs in the 
north group and 50 in the south. Strictly  these resu lts  should be 
presented as histogram s, but it is c lea re r for comparison purposes to 
connect the points together in sm ooth-curve fashion.
Apart from  the difference just mentioned, it will be seen that the 
runs only differ significantly (i) in the region below 3500A, (ii) in the 
band 6100-6300A and (iii) in the fa r red  region from  6900A upwards.
These differences a re  bette r shown in fig. 58 where 100A block 
spectral power resu lts  for group T8 have been divided by those for 
group T28, wavelength by wavelength. The resu lts  for groups T9 
and T29, and T10 and T30 have been treated  in the sam e way and a re  
shown in the sam e figure. These th ree  curves show the sam e trends, 
but the slight overall slopes a re  due to the difference of chrom aticities 
of the group-m eans re fe rred  to above. The obvious features indicated 
a re  the fall of the uv content of north resu lts , when compared with 
south below 3500A, and the gentler fall in the red from  about 6900A 
upwards. The violent oscillations at 7900A and higher a re  not signif­
icant since the apparatus has very  low sensitivity at those wavelengths. 
Secondary features of these curves a re  the m inor oscillations in the 
3900-4100A region and in the 6100-630QA region.
Although the sensitivity is low in the uv, the effect is considered 
to be a rea l one and could be simply explained by the fact that mean
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south resu lts  include a large proportion of d irect sunlight. D irect 
sunlight has the shortest atm ospheric path to the apparatus, and in this 
region on the edge of the m assive and N2 absorbtion of the
atm osphere it is likely that atm ospheric path length controls the amount 
of energy received.
The same consideration applies in the fa r  red region, where the 
effect of the 6860 band system , together with the band at about 7300 
and the m assive 7600 band can be seen. The fluctuations in the 3900A- 
4100A region a re  possibly instrum ental. It will be recalled  that each 
100A block resu lt is aggregated from  eleven 10A point resu lts; the 
3900-4000A block division falls at 3950A, which in turn falls on the 
steepest slope recorded in our curves, i .e .  the climb from  the F raun ­
hofer line at 3944A, due to aluminium. Consequently a wavelength 
drift of 2 o r 3A can have a significant effect, even on the 100A block 
aggregate, and could account for these fluctuations of a few per cent. 
The proposed study of variance of individual wavelength resu lts  may 
confirm this explanation in due course.
In sum m ary, it may be said that for light of a given CCT there 
will be no g ross difference between that received under north facing 
and south facing conditions, save that the north daylight will be lower 
in uv content below 3500A and in red content above 6900A.
Comparison of Results obtained at Putney and at Saffron Walden
The m ajority  of the runs carried  out at Saffron Walden w ere south 
facers , and w ere made under conditions of d irect sunlight. In view 
of the lim ited num ber of runs, the mean SPD for all the south facing 
runs made there was compared with the mean resu lts  for the 190-200

m ired south facing group (T32) observed at Putney. This particu lar 
group was chosen because it had the n earest mean chrom aticity to the 
Saffron Walden group and alm ost the sam e number of runs - group T32 
contained 16 and the Saffron Walden group 17.
The two SPD's, on the 100A basis, a re  compared in fig. 59. The 
Saffron Walden group resu lt r ise s  violently at the fa r red wavelengths, 
but that is thought to be due to the lack of red  sensitivity of the detectors 
used at Saffron Walden. Otherwise the two curves a re  closely sim ilar, 
save that the Saffron Walden resu lt dips below the T32 curve at 5900A 
and in the 6600-6700A region.
Since the 100A resu lts  showed no violent differences, the 10A curves 
for the two groups were then studied. If any atm ospheric absorbtion 
occurred in one place and did not in the other, it should be revealed in 
such a study. F or convenience, the resu lt for the Saffron Walden group 
for each wavelength was divided by the Putney resu lt for the sam e wave­
length, and the resulting ratios w ere plotted against wavelength. A 
section of the curve so obtained is shown in fig. 60. It will be seen 
that the ratio  only differs significantly from  unity where there a re  
strong Fraunhofer lines o r absorbtion bands. The ratio  curve in some 
places resem bles the differential of the SPD curve - what has happened 
is that slight differences of wavelength calibration in the two se rie s  of 
runs has caused the ratio  curve to indicate the differential of the SPD 
curve. The slopes recorded as some of the strong Fraunhofer lines 
a re  scanned a re  such that a shift of wavelength calibration of only 1A 
Can produce a 20% change in the value of the reading.
The ratio  curve obtained in this way has been carefully studied
and leads to the resu lt that no significant difference between the 
absorbtion patterns obtained at Putney and at Saffron Walden can be 
found i .e .  we cannot detect an absorbtion pattern of any gas o r vapour 
at Putney that is not found at Saffron Walden.
That does not mean that the atm ospheres a re  the same; obviously 
the Saffron Walden atm osphere does not contain the large quantities of 
dust and smoke which our Putney resu lts  indicate. These factors will 
certainly affect the SPD by Tyndall scattering, but the effect is indis - 
tinguishable from  that produced by a varying proportion of cloud.
It may be concluded that the effect of atm ospheric pollution on the 
SPD over the wavelength range 3500-7000A will only be to increase 
the degree of diffusion in the atm osphere; absorbtion by "industrial" 
gases is not found.
COMPARISON OF RESULTS WITH THOSE OF OTHER WORKERS
Some of the studies of the SPD of skylight made in the past a re  
indicated in the following tab le .
Table 11
Names of W orkers Place Year of Publication
19Abbott, Fowle, and Aldrich
Parry  Moon20
Taylor and K err21
22Condit and Grum
Henderson and Hodgkiss 
Budde
Judd, Macadam, and ^  
Wysecki
16Winch et alia
Mount Wilson, 
U .S .A .
Cleveland, Ohio, 
U .S.A .
Rochester N Y, 
U .S .A .
London (Enfield) 
Ottawa
Pretoria, South 
A frica
1923
1940
1941
1963-4
1964
1964
1965
1966
The publication of Parry  Moon was a c ritica l review of the know­
ledge of sunlight existing in 1940; that of Judd, Macadam and Wysecki 
was a num erical compilation of the resu lts  of Condit and Grum, 
Henderson and Hodgkiss, and Budde. Budde's resu lts  do not appear to 
have been published separately . The work of Abbott, Fowle and Aldrich 
was confined to d irect sunlight.
Studies of sky colour have been made by Chamberlin, Lawrence
7 8 24and Belbin , Nayatani and Wysecki and Collins . The resu lts  of
phase I of the present investigation and a few early  resu lts  of phase II
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have also been published .
The considerable in terest in the subject in recent years has mainly 
been due to the introduction of fluorescent pigments to alm ost all 
colouring media, and to the need for a standard illuminant to adequately 
represen t daylight. The work of Condit and Grum, however, was 
carried  out for purposes connected with colour photography.
The various recent researches have differed in a variety  of ways, so 
that some have special relevance to this work. Condit and Grum used 
a plate coated with barium sulphate as their sampling device, and used 
it in a variety of orientations. Henderson and Hodgkiss ca rried  out 
the ir m easurem ents at the same latitude as those reported here , and 
the ir site  was at a heavily polluted location. The work of Judd et alia 
is of in terest because the compiled resu lts  they put forw ard have now 
been adopted for standardising purposes by the CIE. W inch's 
m easurem ents have been m ore detailed than those previously reported 
and have been at the n earest location to the equator.
Unfortunately Condit's resu lts  w ere published purely graphically 
and the com pressed size of the published curves render d irect 
com parison difficult. Since Condit's resu lts  w ere embodied in Judd's 
compilation, d irect com parisons of resu lts  will be made here with those 
of Henderson, Judd and Winch. F or brevity, whenever the work of a 
group is re fe rred  to only the name of the principal will be used below; 
the author intends no discourtesy to the other m em bers of the various 
team s.
A Note on the Comparison of Results
Most w orkers in this field have expressed the ir resu lts  on a basis
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of a 100A interval between wavelengths - i . e .  sufficient for colorim etric 
pu rposes. In the present investigation, m easurem ents w ere made at 
10A intervals and resu lts  on a 100A-block basis w ere calculated from 
them . The resu lts  should therefore be presented in histogram  fo rm . 
However, for c larity , the simple if unscientific expedient of joining the 
100A points together in a smooth curve has been adopted in this section; 
the sam e treatm ent has been used for other w orkers’ re su lts .
Henderson and Hodgkiss
Henderson and Hodgkiss used a s im ilar but non-automated tech ­
nique to the present work, the m ain differences being these:
(i) the V itrolite sampling surface was horizontal
(ii) two separate detectors w ere used to adequately 
cover the sensitivity range
(iii) no ’’automatic brightness compensation” was used.
The m ean resu lt for the 150-160 south facing m ired  group T28 is shown 
in fig . 61 together with Henderson* s group E3 resu lt . These two 
groups w ere chosen (a) because they rep resen t one of the m ost 
frequently occurring conditions and (b) the chrom aticity resu lts  for T28 
and E3 a re  alm ost precisely  coincident, and (c) s im ilar numbers of 
runs w ere involved - 44 in group E3 and 50 in group T28.
It will be seen that over the range 4500A-6800A there a re  sm all 
differences between the c u rv es . Above 6800A the T28 resu lt falls 
away sharp ly . Below 4400A the curves cross  and re -c ro ss , but an
im portant difference is the lobe on the T28 curve at 3800A. Some of 
the sm aller differences between the curves can be explained by the 
different m easuring conditions. Henderson used a grating mono-
Judd
locus
Planckian
locus
7000 K
a  Winch
•  Henderson
♦ Tarrant North
x Tarrant South
Fig. 63 The mean chromaticity results compared 
with those of other workers
chrom ator with a total band width of about 30A, and took readings only 
at the 100A points; but each T28 point is the mean of 10 points at 10A 
in tervals. Consequently some points which nearly  coincide with 
Fraunhofer lines appear low in the E3 resu lts  compared with the T28 
resu lts , e .g . 5900A, obviously affected by the nearby Na 5890 and 
5896 lines. The reading for 4300A, close to the strong Fe 4307 line 
might be affected likewise, and so might the 4100 resu lt, affected by 
the hydrogen 4102 line.
The rev erse  effect would be expected where strong absorbtion 
lines fell nearly  midway between the 100A points; the E3 resu lts  would 
not be affected, but the T28 100A-block resu lts  would. The dip at 
5200A in the T28 resu lts  is due to the Fe and Mg lines at 5167* 5173, 
and 5183A, but the E3 resu lt does not show it. Sim ilarly the E3 
points for 3900A and 4000A are  well above the T28 resu lts for the same 
reason - the strong Ca lines (3934, 3968A) and A1 lines (3944, 3961A) 
re fe rred  to in section 5 .2 .
Instrum ental differences of this kind could not account for the 
difference in the 3700-3800A region, nor to the progressive fall of the 
T28 resu lts  at wavelength higher than the 6860 oxygen band system . 
These points will be fu rther discussed below,
A second com parison was made between the mean resu lt quoted in 
Henderson’s second paper representing a CCT of 6500°K and the mean 
resu lt fo r the 150-160 m ired north facing group T 8 . Here again the 
two chrom aticity resu lts  w ere alm ost coincident. The differences 
between the two curves resem bled those just discussed so closely that 
there  is no point in including a separate figure.
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Judd, Macadam, and Wysecki
The object of Judd, Macadam, and Wysecki*s work was to produce a
family of curves representative of all types of daylight, for the purposes
of colorim etry. Taking some of the resu lts  of Condit, Henderson, and
2 ^  26
Budde, they applied charac teris tic  vector analysis ’ to form ulate such 
a family* Given that a particu lar sample of daylight is of a certain  
co rrelated  colour tem perature it is possible to calculate the SPD at 100A 
intervals from  th e ir re su lts .
T heir calculations were based on 249 resu lts  from  Condit, 274 from  
Henderson and 99 from  Budde. Budde used an integrating sphere as the 
sampling device, a double p rism  monochromator and automatic brightness 
compensation. Condit used a modified form  of Beckman DK2 sp ec tro ­
photom eter, with a scan tim e of a little  over a minute, and used no 
brightness compensation. Condit’s readings however w ere all made in 
the space of one month in the sum m er of 1962. H enderson's spread over 
several months. Both Condit and Budde's resu lts  were calculated so as 
to make some attempt to produce mean values for the 100A blocks, but 
the p recise  methods a re  not stated.
J
One of Judd’s "reconstituted” curves, for 6500°K, is shown in fig. 62, 
together with the mean resu lt for the 150-160 m ired north facing group 
(T8) of the p resent study. This group was chosen because the CCT of the 
mean resu lt is alm ost exactly 6500°K; however the chrom aticity of the 
T 8 SPD is a little  towards the purple (see fig. 63).
It will be seen that the curves a re  in reasonable agreem ent. The 
main discrepancies a re  in the 3700-3800A region, from  4100-4300A, 
n ea r 5300A and above 6900A. Some tra ce s  of the discrepancies due to
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line interference re fe rred  to in section 7 .2  can still be seen. It will be 
noted that Judd's curve shows some suggestion of the 3700-3800 lobe, 
w hereas Henderson's E3 does not. The difference in the 4100-4300A 
region does not seem likely to be due to line interference, and the cause 
of the 5300-5400A differences is not obvious., Since the T 8 resu lts  
again fall away rapidly above 6900A it was thought that this m ust be due 
to some instrum ental factor, possibly lack of sensitivity in our detectors. 
Consequently a second comparison with Judd's resu lts  fo r a much lower 
CCT (5500°K) were made - such values of CCT a re  usually obtained in 
strong sunlight, and the brightness levels are  usually high, so that any 
sensitivity troubles should be m inim ised. The 180-190 m ired south 
facing group (T31) was chosen for this com parison, which is shown in 
fig. 64. The discrepancy at the red end of the range is reduced, but 
the two sets of resu lts  still differ by 10-20% (it is felt that no reliance 
can be put on the resu lts  of the present work above 7600A for lack of 
sensitivity). The other discrepancies a re  reduced to a reasonable 
level for colorim etric  purposes, except fo r the 3700-3800 region, 
where again the present study produces higher re su lts .
Another comparison with Judd's 5500°K resu lt was made, using 
only a single run, whose chrom aticity point fell close to Judd's 5500°K 
point. This was done partly  to check the mean resu lt by a particu lar 
case (it is rem otely possible that some faulty calculations could have 
upset the mean result) and also because Judd him self used a s im ila r 
procedure to dem onstrate the variations of the n earest individual 
resu lts  of Condit, Henderson, and Budde. The curves a re  compared 
in fig. 65. The individual run (J10/4) was made at 1145 GMT on
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15th February 1967, in bright sunshine using south facing conditions; a 
strong east wind was blowing, the a ir  tem perature was 7°C and the 
operator described the sky condition as "blue with some thin white 
clouds in the east". The resu lt is alm ost identical with the T31 mean, 
but the agreem ent of J10/4 with Judd's resu lt is m arginally be tte r. The 
3700-3800A discrepancy rem ains however.
When comparison is made of fig. 65 with the postage-stam p sized 
reproductions of Judd's comparison curves in his paper, it is found that 
over the range 3300-7100 (which is all that Judd showed) the J10/4 curve, 
with the exception of the 3700-3800A lobe lies within the sca tte r of the 
other w orkers ' curves - in fact it is a good deal c lo ser on m ost points. 
The value fo r 6900A is lower on J10/4 (and indeed on all our curves), 
possibly because H enderson's readings would not have sampled the 
strong oxygen band system  at 6860A. Viewed in this light, the e rran t 
3700A-3800A lobe is only just beyond the sca tte r of the other w orkers ' 
resu lts .
A fourth comparison with Judd's resu lts  was made fo r higher
colour tem peratu res. The Judd reconstitution for 8000°K, kindly
77supplied by M r. Jero;:-e , is compared with the mean of the 120-130 
m ired north facing group (T5, 21 runs) in fig. 66 . The com parison is 
strikingly s im ila r to that for 6500°K. From  all these com parisons, 
certain  conclusions may be evident; discussion of these is given below, 
afte r the com parison of resu lts  of the present study with those of Winch.
Winch
Winch's work was ca rried  out at Pretoria, South A frica, and used 
an integrating sphere as the sampling device, a quartz prism  double
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monochromator, an EMI type 9558 Q photomultiplier, and a digital 
voltm eter. A scan could be affected in about two m inutes, so automatic 
brightness compensation was not used. Readings w ere taken at every 
50A; the total bandwidth used is not p recisely  stated in his paper, but 
probably varied from  about 5A in the uv to about 60A in the fa r red . No 
attem pt was made to produce resu lts  representative of 50A blocks - the 
resu lts  given a re  sim ply those for the 50A points. His resu lts  were 
based on 422 observations, spread over alm ost a whole year.
The resu lts  fo r Winch’s group mean for the 150-160 m ired group 
(E7) is compared with the 100A-block resu lt for the 150-160 m ired 
north facing group (T8) of the present study in fig. 67. Again it will be 
seen that the curves a re  in reasonable agreem ent and at m ost wavelengths 
the T 8 curve is m arkedly c loser to the E7 curve than it is to Judd’s 6500°K. 
The lobe in the 3700-3800A is found in Winch’s curves, the 4100-4300 
discrepancies a re  reduced, and so a re  those of the 5300-5400 region.
On the other hand the T8 curve falls away very sharply from the E7 
curve below 3600A, the discrepancies above 6900A rem ain, and the E7 
curve is consistently about 2% higher in the 6000A-6300A region.
In the belief that some of these discrepancies might be due to 
inadequate sensitivity in our apparatus, two other com parisons were 
made with Winch’s re su lts , as with Judd’s - one at a lower colour tem p­
era tu re , one at a higher. Winch’s lowest group mean, in te rm s of CCT, 
is for the 170-180 m ired group (Winch’s E5) and this is compared with 
the mean south facing resu lts  for the same m ired group (T30) of the 
present study in fig. 68 . Although the sharp drop in the uv is still found 
its magnitude is sm aller and the fa r red discrepancies a re  much reduced.
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(All of Winch's resu lts  show a sharp absorbtion band at 7500A which the 
author feels must be the oxygen 7594A band system ; it is not unknown for 
the far red calibration of quartz p rism  monochromators to be in e rro r) . 
Some differences rem ain in the 3700-4200A region.
The com parison of two groups at a higher CCT, near 8000°K is 
shown in fig. 69. The differences of the T8-E7 com parison a re  slightly 
exaggerated.
Comparison with Winch's resu lts  on a 10-A block basis
The com parisons just described on a 100A block basis all show that 
the m inor differences occurring over the range 3600-6 900A a re  perfectly 
regular - the mean curves of this study show regular departures of shape 
from  Judd's, and regular but different ones from  W inch's. It is not 
possible to make a comparison on a 10A basis, but Winch's E7 resu lt 
was compared with the T8 resu lt plotted out on the 10A basis . (See figs. 
70a, 70b, 70c).
The n ea r coincidences of W inch's points with the full curve are  
striking, especially in the n ear uv. The T 8 curve still falls away below 
3600 and above 6900A but a good degree of coincidence is obtained e lse ­
where, save that Winch's resu lts  a re  about 3% lower in the 5000-5500A 
region. It m ust be rem em bered that the 10A resu lt is norm alised by 
reference to the energy value for 5600A, but that the 100A resu lt by 
reference to the 5550-56 50A block; consequently the heights of the 10A 
block and 100A block versions of the T 8 resu lt a re  slightly different.
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7.6 Conclusions from  These Comparisons
7 .6 .1  Visible Range
It may thus be concluded that most of the differences between the 
100A block resu lts  and Winch’s resu lts  were due to the aggregation 
process and that the 10A block resu lts  confirm  Winch’s to a close 
d eg ree . The author is of the opinion that the 3% difference in the green 
is a natural one - i .e .  the daylight is different. The chrom aticity locus 
reported by Winch is redder than that reported by any other w orkers; 
his observations were made much n ea re r the equator than any others 
and it is not unreasonable to suppose that elsew here with longer a tm os­
pheric paths, the red and blue would be slightly depleted.
: Since the resu lts  of this study show regular departures of shape
from  Judd’s curves it may also be concluded that these a re  also due to 
different methods of sampling the curves. Judd did not specify how 
this was done but his resu lts  a re  claimed to be representative of each 
100A block. The author is of the opinion that the whatever sampling 
process was used by Judd, it was slightly in e rro r ; it is emphasised 
that these differences in the 3600-6900A range a re  so sm all as to be 
negligible for the purposes of colorim etry.
7 .6 .2  N ear U ltra-V iolet Range
All of these com parisons show that the resu lts  of the present study 
indicate a much higher uv content than those of Judd, and a lower one 
than those of Winch. Winch ascribed his high uv content to a different 
atm osphere (Pretoria is 1400 m etres above sea-level). However the 
agreem ent of the 10A points with Winch’s down to 3600A is striking.
The feature common to Winch’s apparatus and that used here is the
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EMI 9558 photom ultiplier, Whilst in all studies the calibration p ro ­
cedures should have cancelled out the d irect effect of variations of 
sensitivity, it seem s odd that the two investigations using this device 
have both shown high uv contents.
The mean curves of the present study invariably fall sharply at 
wavelengths below 3700A; that is where the reflection factor of the 
v itro lite  plates drop sharply and the extrapolating process essential to 
the uv calibration begins. The sharp drop could thus be due to three 
causes, v iz:-
(i) it could be natural
(ii) faulty m easurem ent of the v itro lite  reflection factor
(iii) extrapolation process in e r ro r .
The v itro lite  reflection factors were therefore checked using 
different illumination conditions from  the original ones. Although the 
value in this check showed a very  gradual difference over the whole range 
the sharp cut-off shape was repeated. The extrapolation process was 
checked, but it would have to be in g reat e r ro r  to account for these 
differences. It seem s that this sharp drop is natural, which is in 
keeping with the findings of section 6 .3 .
The F a r  Red Range
The com parisons show that our resu lts  invariably fall below those 
of the w orkers above 7000A. (Judd’s figures for this range were 
obtained by extrapolating from  7000A, using the resu lts  of Parry  Moon). 
This is alm ost certainly  due to lack of sensitivity in the detector and 
recorder; when there  is plenty of light, good agreem ent is obtained, 
and when there  is little  it is not. Although the EMI 9558 photo-
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m ultiplier is sensitive in this range, its  sensitivity is about l/40 th  of 
that for 5000A, i .e .  it became too low to properly operate the reco rd er 
on sky ru n s . The check on the v itro lite  reflection factors showed 
without doubt that this drop was not due to any e r ro rs  in that p rocess.
To overcome this difficulty a new se rie s  of m easurem ents is being 
started  using a lead sulphide photoconductive detector and a radiation 
chopping technique.
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THE SPD IN ABSOLUTE TERMS
All of the m easurem ents of SPD in this work were purely relative 
ones. Theoretically, absolute values could be obtained by m easuring 
the daylight illumination during a run, by use of the relationship
F = km J  VA EX d *  (10)
where F denotes luminous flux, the maximum luminous efficiency of 
radiation, the relative luminous efficiency of radiation of wavelength 
and E ^  the power per unit wave band in absolute te rm s . If we use 
E t o  denote the power in per unit wave-band in relative te rm s 
(E’,_£qq being taken as 100), then we must use a unit constant (say j) to 
re la te  our relative values to absolute ones, and we can say
F = km I ■J Vx E’x  • d*  (11>
= j k J m V. E \ . dA since j is constant forall wavelengths (12)J
In the calculations described in section 3, the integral I V% E*
I A
has been calculated as part of the CIE colour computation, and is the 
Y tristim ulus value; the CIE Z distribution coefficient is chosen to 
be identical with the function. Thus if the daylight illumination 
(flux per unit area) is m easured and is (say) F ’, and we already know
t
A AVv E \  dA (= Y) then F* = j i : ^
' F 1whence j = —---- —-----  (13)J k Y 'm
The unit constant j can thus be determ ined and absolute values of SPD 
can be calculated by multiplying the E ’v resu lts;
TABLE 12
SPD 's in  a b so lu te  t e r m s  a r e  g iven  below  fo r  two ty p ic a l co n d itio n s, a s  
d e sc r ib e d  in  se c tio n  8 . 1 . T he  w av eleng th  v a lu e s  a r e  s e t  out in  th e  sa m e  
m a n n e r  a s  in  th e  re la tiv e  SPD show n in  f ig ,  30, i . e .  th e  top  le f t-h a n d  f ig u re  
i s  f o r  3000A , th e  n ex t in  th e  sa m e  lin e  i s  f o r  3010A and  so  o n . T h e  u n its  
a r e  w a tts  p e r  sq u a re  m e tre  p e r  10A w ave b and .
TABLE 12a
South fa c in g  co n d itio n s, r e la tiv e  SPD o f g ro u p  T  30 , d ay ligh t illu m in a tio n  
9670 lm / f t2 .
0*000  0*000  0*000  0*000  0*000  0*000  0*000  0*000  0*000  0*000
o ooo 0 000 0 000 0*000 0 000
o *45 0 204 0 251 0.234 0 426
z 451 z 310 z 477 0*646 0 56Z
o 46 5 0 448 0 448 0*469 0 439
o 517 0 568 0 544 0-514 0 604
o 65Z 0 598 0 557 0*639 0 679
o 778 0 735 0 697 0*656 0 627
o 733 0 806 0 651 o* 504 0 537
o 791 0 819 0 848 o* 584 0 458
z 056 z 082 z Z44 1.128 z 144
z 065 z 071 z 184 z • 162 z Z93
z z 34 z Z82 z 208 1-079 z 151
z 060. 851 z z 29 z*zz6 z 197
z *77 z 248 z 365 z * 3 8 6 z 391
z 490 z 581 z 538 1 - 4 0 5 z 498
z 514 z 56Z z 579 J - 5 9 9 z 566
z 540 z 484 z 558 2.56Z z 545
z 616 z 593 z 632 1 .610 z 597
z 584 z 5 7 Z z 5 Z2 1 - 5*4 z 495
z 550 z 474 z 446 z *490 z 45*
z 490 z 504 z 545 1 -4 7 7 I 444
z 468 z 459 z 490 z .433 z 530
z 490 z 550 z 5*3 z *428 z 479
z 458 z 4 *z z 4 7 * I - 4 7 Z z 500
z 504 z 495 z 515 1.478 z 505
z 435 z 464 z 445 1 -467 z 448
z 408 z 359 z 4*1 1 - 43 * z 438
z 419 z 428 z 449 z .461 z 459
z 296 z 363 z 360 1 -3 7 9 z 376
z 350 z 349 z 349 z .386 z 399
z 360 z 3 7 * z 3 5 6 1 - 3 3 5 z 330
z 3 5 6 z 349 z 333 1.326 z 314
z 276 z 276 z 283 z *292 z *99
z 309 z 3 Z2 333 1.326 z 3*9
z 294 z 280 z *94 z * 3 z 6 z 3 z 6
z 270 z 28 z z 283 z *284 z 296
z 302 z 292 z 379 1.281 z 377
z 3*3 z 319 z 306 1.292 z 284
957 993 999 0 .994 z 003
z 042 z 038 z 039 1 - 0 5 5 z 066
z 096 z 095 z Z05 z*zo5 z z z z
o 779 0 79 * 0 903 0.916 0 850
o 838 0 842 0 878 o*9z6 0 936
o 999 z 009 z oz 7 Z. 0 2 7 z 015
o 974 0 982 0 987 0.986 0 987
o 179 0 244 0 2 0 1 0*220 0 287
o 644 0 603 0 639 0*676 0 672
o 769 0 75* 0 775 0*7 6 8 0 719
o 679 0* 715 0 78 z 0*695 0 706
0 0 0 0 0 0 0 4 0 0 2 7 0 0 4 6 0 0 7 0
0 5 6 3 0 7 8 9 0 8 5 3 z 0 8 6 z 3 5 8
0 5 9 3 0 3 7 0 0 3 4 4 0 3 5 3 0 4 * 3
0 4 0 6 0 4 5 6 0 4 9  z 0 4 8 5 0 4 9 5
0 6 6 4 0 6 4 0 0 5 4 3 0 4 9 7 0 4 6 9
0 6 6 2 0 8 z z 0 7 8 9 0 7 5 3 0 7 4 2
0 6 3 6 0 7 0 0 0 7 6 8 0 9 0 0 0 7 9 8
0 6 8 7 0 6 5 0 0 6 6 6 0 6 6 3 0 6 6 6
0 7 2 2 0 7 7 5 0 4 4 6 0 7 7 5 0 9 5 9
z 0 7 9 z 0 8 6 z 0 5 3 z 0 6 3 z Z 6 7
z Z 7 0 z z 7 0 z 2 1 7 z 1 3 7 z Z 3 9
z Z 6 5 z 1 5 4 z 2 0 5 z 0 9 3 z Z 4 Z
z Z 7 2 z 3 4 4 z 3  3 0 z 3 6 6 z Z 4 3
z 4 1 9 z 3 0 0 z 3 9 9 z 4 4 6 z 4 5 9
z 4 5 9 z 5 2 7 z 5 4 i z 5 4 8 z 5 * 5
z 5 ® 5 z 5 7 7 z 4 6 7 z 5 4 0 z 5 4 5
z 5 8 7 z 5 5 0 z 5 * 1 z 6 0 7 z 5 8 7
z 5 8 z z 3 7 5 z 3 7 5 z 4 5 4 z 4 6 8
z 5 9 0 z 5 * 5 z 5 8 3 z 5 8 0 z 5 * *
5 0 0 z 5 5 8 z 5 * o z 4 7 8 z 5 * 5
z 4 6 7 z 4 6 7 z 2 2 7 z 3 4 0 z 3 9 6
z 5 0 0 z 4 5 5 z 3 * 9 z 4 5 7 5 4 4
z 5 0 0 z 5 5 0 z 4 5 7 z 5 1 * z 5 0 *
z 4 8 8 z 4 9 4 z 5 0 7 z 4 6 Z z 4 9 5
z Si* z 4 3 1 z 4 5 5 z 4 5 8 z 4 Z 6
4 3 8 z 3 9 9 z 4 3 6 z 4 * z z 4 Z Z
z 4 0 3 4 0 2 z 4 2 Z z 3 8 5 3 8 8
z 4 3 6 z 4 1 5 z 4 3 3 z 4 0 Z z 2 2 7
z 3 5 ® z 3 9 3 z 3 9 5 z 3 8 5 z 4 5 *
z 3 9 8 z 3 9 8 z 4 0 Z z 3 8 9 z 3 8 6
z 3 3 9 I * 9 9 z 3 0 6 z 3 4 0 z 3 3 7
z 3 0 3 z 3 0 9 2 9 9 z 2 6 1 z 2 7 7
z 3 1 3 z 3 1 3 z 3 3 7 z 3 3 5 z 3 2 0
z 3 2 6 z 3 X 3 z 3 0 2 z 2 9 2 z 2 5 6
z 2 4 8 z 0 9 3 z 1 7 5 z 2 3 1 z 3 5 3
z 2 8 7 z 2 9 3 z 3 0 0 z 2 9 6 z 3 * 0
z
z
2 8 6
2 7 0
z 3 9 7
8 8 8
z 3 Z 2
8 8 3
z 3 1 7
8 7 1
z 3 * 5
9 2 Z
z 0 1 6 z 0 4 9 z 0 6 0 z 0 5 8 z 0 4  8
z 0 5 8 z 0 6 5 z 0 7 6 z 0 8 9 z 0 8 9
z 0 9 8 z 0 9 2 0 9 8 6 0 8 8 3 0 8 o z
0 8 5 8 0 8 5 2 0 8 7 0 0 8 2 5 0 8 * 5
0 9 4 3 0 9 4 7 0 9 5 7 0 9 6 9 0 9 7 7
z o z o z 0 4 8 z 0 0 2 0 9 9 6 0 9 9 9
0 9 7 9 0 9 7 4 0 9 8 4 0 6 9 0 0 2 3 2
0 4 0  3 0 5 0 9 0 5 8 0 0 6 o z 0 6 2 3
0 6 9 2 0 6 9 3 0 7 z 8 0 7 2 5 0 7 5 *
0 7 3 6 0 6 6 6 0 7 3 5 0 7 0 6 0 7 z o
0 6 6 2 0 6 7 6 0 6 4 7 0 7 0 5 0 6 2 6
The resu lts  so obtained a re  in units of power/unit a rea /u n it wave­
band. Unfortunately it was not possible to ca rry  out illumination 
m easurem ents simultaneously with SPD m easurem ents; there  was not 
sufficient manpower available. However some indication of absolute 
values have been obtained by taking typical daylight values and applying 
those to typical SPDTs for the relevant sky conditions. F urther, a 
simple rule has been evolved, enabling the j factor to be approximately 
determ ined, given the sky illumination. Consequently if on any occasion 
the sky illumination is m easured, and an appropriate SPD selected, 
possibly with the aid of a colour tem perature m eter, an approximate 
SPD can be calculated in absolute te rm s .
Values of Daylight Illumination
Daylight illumination is so variable in this country that most tex t­
books on the subject do little  m ore than quote possible maxima.
28 2 Hopkinson quotes a typical maximum value of 5000 Im /ft and
2
mentions the internationally agreed figure of 500 lm /ft with con­
siderable re se rv e . These resu lts  all re fe r to the horizontal plane.
A few m easurem ents under the north and south facing conditions used 
in the SPD m easurem ents were therefore made on our site at Putney.
The photom eter used was an EEL "L ightm aster” and embodied a 
correction filte r, designed to give a p roper response. It was 
necessary  to use a neutral f ilte r to reduce the daylight intensity to
. . . .  ■ ' j
the range covered by the instrum ent. This was made of 3 thicknesses 
of Strand E lectric  Cinemoid filte r no. 55; the transm ission  was 
m easured over the range 3500-7500A with a Perkin E lm er PE 137
TABLE 12b
N o rth  fa c in g  c o n d itio n s , re la tiv e  SPD o f g ro u p  T  8 , day lig h t illu m in a tio n  
1150 lm / f t2 .
0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 o * c c o
0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 0 0 * 0 0 2 0 * 0 0 3 0 * 0 0 9 0 * 0 0 7
0 * 0 0 4 0 * 0 2 0 0 * 0 0 9 0 * 0 2 2 0 * 0 2 3 0 * 0 2 9 0 * 0 2 7 0 . 0 5 4 0 * 0 4 7 0 * 0 4 7
0 . 0 5 5 0 * 0 5 8 0 * 0 5 4 0 * 0 5 8 0 * 0 6 0 0 * 0 6 0 0 * 0 6 0 0 * 0 6 0 0 * 0 5 6 0 * 0 6 3
0 * 0 6 7 o * o 7 Z 0 * 0 6 9 0 . 0 7 5 0 * 0 7 7 0 * 0 6 2 0 . 0 7 3 0 . 0 7 5 0 * 0 8 2 0 * 0 7 9
0 * 0 7 8 0 * 0 9 2 0 * 0 9 2 0 * 0 8 7 0 * 0 9 3 0 * 2 0 5 0 * 2 0 7 0 * 0 9 9 0 * 0 8 6 0 * 0 7 7
0 * 0 9 6 O *  2 0 8 0 * 0 9 4 0 * 0 9 9 0 * 2 0 4 0 * 2 2 3 0 * 2 2 2 0 * 2 3 2 0 * 2 3 2 0 * 2 2 2
0 * 2 3 0 O *  2 2 2 0 . 1 3 5 0 * 2 2 7 0 * 0 9 9 0 * 2 0 2 0 * 2 2 4 O *  2 2 0 0 . 2 3 9 0 . 1 4 5
0 * 2 2 2 0 . 1 3 3 0 * 2 2 2 0 * 0 9 3 0 * 0 7 9 0 * 2 0 6 o *  2 0 5 0 * 2 0 7 O* 1 0 2 O *  2 0 0
0 * 2 2 4 0 * 2 2 9 0 * 2 3 3 0 * 2 2 4 0 * 0 5 6 0 * 0 9 4 0 * 2 2 6 0 * 0 8 7 0 * 0 8 6 0 * 2 4 4
0 * 2 6 0 0 * 2 6 4 0 * 2 7 2 0 . 1 7 5 0 * 2 6 8 0 * 2 6 7 o *  2 6 8 0 . 1 5 9 0 * 2 6 2 O*  1 6 9
0 * Z 7 6 O . Z 5 Z 0 * Z 7 6 0 * 2 8 0 0 . 1 7 4 0 . 1 7 7 0 * 1 7 4 0 * 2 8 4 0 * 1 7 3 0 * 2 7 0
0 * 2 7 3 o *  1 6 8 0 * 2 8 0 0 * 2 7 1 0 * 1 6 9 0 * 2 7 2 0 *  2 6 7 0 * 2 7 0 0 . 1 5 7 O* 1 6 6
0 * 2 5 8 0 * 2 2 7 0 . 1 3 4 0 . 1 7 3 0 . 1 7 9 0 * 2 5 6 0 . 1 7 3 0 * 2 8 7 0 * 2 8 2 0 * 2 6 3
0 * 1 7 5 0 . 1 7 5 0 * 2 8 9 0 . 1 9 4 0 * 2 9 2 0 * 2 9 4 0 * 2 8 4 0 * 2 8 8 0 * 2 0 0 0 * 2 9 9
0 *  2 0 0 0 * 2 2  I 0 * 2 2 0 0 . 2 9 7 o .  > 9 6 0 * 2 0 2 0 * 2 0 2 0 * 2 0 6 0 * 2 0 7 0 * 2 0 2
0 * 2 0 2 0 * 2 0 4 0 * 2 0 7 0 * 2 0 9 0 * 2 0 7 0 * 2 0 2 0 * 2 0 3 0 * 2 9 8 o *  1 9 8 0 * 2 0 0
0 * 2 0 2 0 . 1 9 4 0 * 2 9 8 0 * 2 0 4 0 * 2 9 8 0 * 2 0 2 0 * 2 0 0 0 * 2 9 6 0 * 2 0 2 0 * 2 0 2
0 * 2 0 3 0 * 2 0 4 0 * 2 0 5 0 * 2 0 5 0 * 2 0 4 0 * 2 0 0 0 * 2 8 8 0 * 2 6 2 0 * 2 7 8 0 *  1 8 8
O . Z 9 Z 0 * 2 9 8 0 * 2 9 4 0 * 2 8 6 0 * 2 9 2 0 * 2 9 6 0 * 2 9 5 0 . 2 9 7 o *  1 9 8 0 * 2 8 7
0 * 2 9 4 O . Z 8 7 0 * Z 8 3 0 * 2 6 4 0 * 1 8 5 0 * 2 8 3 0 * 2 9 0 0 * 2 9 2 0 . 1 8 7 o *  1 8 5
0 * 2 8 8 0 * 2 8 6 0 * 1 9 0 0 * 2 8 3 o *  r 8 i 0 * 2 8 0 0 * 2 8 2 0 . 1 5 5 o * z 6 7 0 * 2 6 4
0 . 1 7 3 0 . 1 7 5 0 . 2 7 9 0 . 1 7 4 o *  1 8 1 0 * 2 8 3 0 * 2 8 2 0 * 2 6 2 0 * 2 7 3 o *  2 8 2
o *  1 8 1 0 * 2 8 4 0 * 2 8 5 0 . 1 7 3 0 * 2 7 6 0 . 1 7 9 0 * 2 8 4 0 . 2 7 9 0 * 2  8 0 o *  1 8 1
0 . 1 7 7 0 * 2 7 2 0 . 2 7 5 0 * 2 7 6 0 . 1 7 7 0 * 2 7 8 0 * 2 7 9 o *  2 8 0 0 . 1 7 7 0 * 2 7 8
0 . 1 7 9 0 * 2 7 9 0 * 1 7 9 0 . 1 7 7 0 * 2 7 6 0 . 2 7 9 0 * 2 7 8 0 * 1 7 4 o*z74 0 *  1 6 8
0 * 2 6 9 0 . 1 7 3 0 * 2 7 2 0 . 1 7 3 0 * 2 7 2 0 * 2 7 3 0 * 2 6 7 O*  2 6 9 0 * 2 7 3 0 * 2 6 6
o *  2 6 9 0 * 2 6 5 o *  1 6 6 0 * 2 6 9 0 * 2 7 0 0 * 2 6 9 0 * 1 6 7 0 . 1 6 8 o *  2 6 7 o *  2 6 3
0 * 1 6 5 o *  1 6 6 0 * 2 6 8 0 * 2 7 0 0 * 2 7 2 0 * 2 7 2 0 * 2 6 5 0 * 1 6 5 o *  2 6 5 0 * 2 5 2
0 * 2 4 2 0 * 2 5 0 0 * 2 5 2 0 . 2 5 3 0 . 2 5 5 0 * 1 5 3 0 . 2 5 5 0 * 2 5 6 0 * 2 5 6 0 . 1 5 7
0 * 1 5 8 O *  2 4 9 0 * 2  5 2 0 * 2 5 3 0 * 2 5 6 0 * 1 5 7 0 . 1 5 7 0 . 1 5 7 0 . 1 5 7 o *  2 5 6
0 * 1 5 6 0 . 1 5 5 0 * 2 5 2 0 * 2 5 5 0 * 2 5 2 0 * 1 5 0 0 * 2 5 2 0 * 2 4 6 0 * 2 5 0 0 . 1 4 3
0 * 2 5 2 0 . 2 5 3 0 * 2 5 2 0 * 2 5 2 0 * 2 5 0 0 . 1 5 7 0 * 2 4 6 0 . 1 4 7 0 . 1 4 3 0 . 1 4 3
0 . 1 4 3 0 . 1 4 3 0 * 2 4 2 0 . 2 4 4 0 . 1 4 5 0 *  1 4 6 0 * 2 4 6 0 . 1 4 7 o *  1 4 8 0 . 2  4 9
0 * 1 4 7 0 * 1 4 7 0 * 2 4 7 0 * 2 4 8 0 * 2 4 8 0 ® 1 4 8 0 * 2 4 6 0 . 1 4 4 0 * 2 4 2 o *  2 4 0
0 . 1 3 9 0 * 2 4 0 0 * 2 4 0 0 * 2 4 2 0 . 1 4 3 0 * 2 4 2 0 * 2 2 7 0 *  2 2 0 o *  2 2 5 0 * 2 2 7
0 * 2 2 9 o *  1 3 0 0 * 2 3 2 0 * 2 3 2 0 . 2 3 3 o *  2 3 2 0 * 1 3 4 0 . 1 3 4 0 . 2 3 3 0 . 1 3 4
0 * 1 3 4 0 . 1 3 4 0 . 1 3 3 0 . 2 3 4 0 . 1 3 3 0 . 1 3 3 0 . 2 3 4 0 * 2 3 6 0 * 2 3 6 0 * 2 4 0
o *  1 3 8 0 . 1 3 7 0 * 2 3 6 0 * 2 3 6 0 . 2 3 3 0 * 2 3 2 0 * 2 2 0 0 * 0 8 7 0 * 0 9 0 0 * 0 9 0
0 * 0 9 2 0 * 0 9 3 0 * 0 9 3 0 * 0 9 3 0 * 0 9 4 0 * 0 9 4 0 * 0 9 5 0 * 0 9 6 0 * 0 9 7 0 * 0 9 6
0 * 0 9 5  0 * 0 9 6  0 * 0 9 6  0 * 0 9 7  0 * 0 9 7  0 * 0 9 7  0 * 0 9 7  0 * 0 9 8  0 * 0 9 9  0 * 0 9 9
o * x o o  o * i o o  o * z o a  0 * 1 0 3  0 * 1 0 4  0 * 2 0 5  0 * 2 0 4  0 * 2 0 0  0 * 0 8 6  0 * 0 7 6
0 * 0 6 9  0 * 0 6 7  0 * 0 7 2  0 * 0 7 3  0 * 0 7 2  0 * 0 6 8  0 * 0 7 1  0 * 0 7 2  0 * 0 6 9  0 * 0 6 9
0 * 0 6 9  0 * 0 6 8  0 * 0 7 0  0 * 0 7 3  0 * 0 7 4  0 * 0 7 5  0 * 0 7 6  0 * 0 7 7  0 * 0 7 8  0 * 0 7 9
0 * 0 7 6  0 * 0 7 9  0 * 0 7 9  0 * 0 8 2  0 * 0 8 2  0 * 0 8 3  0 * 0 8 6  0 * 0 8 3  0 * 0 8 2  0 * 0 8 3
0 * 0 8 1  0 * 0 8 0  0 * 0 8 2  0 * 0 8 2  0 * 0 8 2  0 * 0 8 2  0 * 0 8 2  0 * 0 8 4  0 * 0 7 6  0 * 0 3 2
0 * 0 2 2  0 * 0 2 4  0 * 0 2 2  0 * 0 2 3  0 * 0 2 5  0 * 0 2 8  0 * 0 3 2  0 * 0 3 5  0 * 0 3 6  0 * 0 3 7
o * o 3 9  o * o 3 7  0 * 0 4 0  0 * 0 4 0  0 * 0 4 2  0 * 0 4 2  0 * 0 3 9  0 * 0 4 3  0 * 0 4 3  0 * 0 4 6
0 * 0 4 8  0 * 0 4 9  0 * 0 5 3  0 * 0 4 8  0 * 0 4 9  0 * 0 7 4  0 * 0 4 9  0 * 0 5 5  0 * 0 3 5  0 * 0 5 5
0 * 0 5 4  0 * 0 5 6  0 * 0 6 2  0 * 0 6 5  0 * 0 6 5  0 * 0 6 0  0 * 0 6 3  0 * 0 6 3  0 * 0 6 5  0 * 0 6 5
spectrophotom eter and the integrated light transm ission  (assuming a 
proper response in the photocell) was calculated fo r th ree  illum inants, 
v iz:-
Illuminant Equal Energy Spectrum
Daylight 
5500 K
Daylight 
6500 K
F ilte r  transm ission
%
3.70 3.67 3.66
A se rie s  of m easurem ents was made on one day in early  July when 
the sky was about 5/10 covered with cloud, and with the sun shining 
brillian tly  when not d irectly  obscured by cloud. Some typical resu lts  
a re  shown:
Condition
South Facing
Sun shining brilliantly , 
angle of incidence about 15 
much white cloud
Sun obscured by thick cloud
North Facing
Sun shining brilliantly  
but angle of incidence 
about 70°
Sun obscured by thick cloud
The f ir s t  case quoted indicates a figure fa r above Hopkinson’s 5000 
'2lm /ft . The v itro lite  plate is close to norm al to d irect sunlight and a
higher value is to be expected; however, when full allowance is made
for the angle of incidence, this observation is s till well above Hopkin-
son’s figure - these conditions a re  conducive to a maximum value. The
2resu lt of 104, 000 lm /m  is about 30% g rea te r  than that quoted for d irect
Illumination 
lm /ft^  lm /m ^
9,670 104,000
2,160 23,200
1,850 19,900
1,150 12,300
Table 13
Group T 5
120 - 130 Mired Rang®,,
44.1  4 5 .2  43 .2  4 6 .5  4 5 .9
56.1 5 8 .7  57 .5  60.2  63 .7
6 5 .8  7 4 .7  76.2  73 .4  76 .6
75 .3  92 .8  79 .4  7 8 .7  86.2
101.4 97 .9  108.3 90 .8  77 .9
94.4  100.5 94 .7  72 .8  60 .5
8 5 .8  91 .8  102.7  92.0 43.1
121.4 125.1 130.0 131.6 125.6
134.1 112.6 130.7 135.0 129.3
128.0 122.9 132.8 130.5 123.4
116.5  96 .4  88.5  129.6 128.5
123.1 124.9 132.4 136.1 135.6
140.1 145.8 147.2 141.6 134.8
140.3 140.7  142.7 144.0 143.6
137.9  134.2 134.5 139.2 136.1
137.2 137.9 138.5 139.0 138.0
122.4 128.2 127.0 118.8 123.9
123.5 120.8 118.9 118.2 119.9
119.3 118.3 119.4 116.8 115.7
105.1 106.8 109.1 107.7 109.7
110.3 111.1 112.1 107.4 107.7
107.8 104.9 105.0 106.2 105.8
108.1 108.3 107.9 107.4 106.9
100.0 102.0 100.4 101.2 100.9
95 .9  94 .3  93 .7  95.0  95 .9
92.1 92 .9  9 3 .8  94 .9  95 .5
7 8 ,9 81.1 82.0 82.6 83.3
84.2 84.1 83 .7 83.0 84.1
84.2 84 .4 84 .5 84 .8 84 .3
8 6 .8 87.2 87.0 87.4 87.1
82 .8 83.2 83,0 8 3 .7 84.4
85 .6 85.2 84 .8 85.3 85.1
7 8 .7 79 .9 79*7 80 .9 82.0
70.0 70 .5 71 .2 71 .5 72.0
72 .8 72.1 71 .4 71 .4 71 .4
73 .5 7 2 .9 71 .4 7 0 .7 68 .4
35 .6 36 .9 36 .6 3 6 .7 3 6 .8
North Facing.
44 .0  4 6 .5  4 5 .4  4 4 .0  4 8 .3
52 .7  6 0 .8  6 2 .8  68.2  65.1
87.0  88.2 85 .5  72,1 67 ,3
92*7 9 6 .8  106.0 104.5 97 .5
83.0  98.0 95.0  106.4 115.0
7 8 .8  81 .7  81.1 7 8 .3  77.0
68 .5  96 .8  73 .3  55 .8  108.0
130.0 127,6 120.9  121.9 126.4
132.9 130.6 136.3 129.3 126.9
125.7 123.5  123.5  116.0 120.8
109.0 123.8 131.6  131.7 118.5
136.6 133.1 131.6 140.1 139.8
140.2 139.0 142.7  143.6 139.5
141.8  139.8 139.1 135.9 137.3
137.8  137.3 135.1 135.8 137.3
135.3 131.4  104.3 114.2 122*6
125.3 126.7 126.5  127.1 120.6
116.4 119.0 120.7 119.6 117.2
114.3 115.3 102.0 102. 8 9 9 .8
111.4 111.7 101.3 103.7 108.0
108.3 110.5 109.5 108.6 109.3
106.8 107.2 107.7 106.8 107.1
107.3 107.2 105.3 104© 3 100.6
100.9 97 .6 96 .9 9 8©9 95 .7
95 .7 94.2 94.2 94.1 91 .5
95 .8 93.2 92 .8 93 ,4 88.0
8 2 .5 83.1 8 3 .7 83 .9 83 .7
84 .4 84 .4 8 4 .5 84.2 84.0
84 .9 85.1 84 .5 85 .5 8 5 .9
86 .8 85 .6 86 .6 84 .3 83 .0
85.3 85 .5 86.2 86 .6 87.1
85 .4 83 .9 82 .6 8 0 .9 79 .6
80 .4  7 3 .8  6 6 .5  6 7 .9  69 .2
71 .9  7 2 .6  73.1 72 .2  7 2 .8
71 .3  7 1 .9  73 .2  7 3 .7  7 4 .3
65 .9  60 .4  3 5 .6  3 5 .3  35*1
36 .7  37 .2  37 .7  3 7 .6  3 7 .5
x  .2942 
y  .3066
20sun alone, for a ir  m ass 2, by Parry Moon , and that is not unreasonable.
It is perhaps surprising  that the last case - north facing, sun 
obscured - produces so high an illumination, but that resu lt m erely 
indicates that cumulus cloud in strong sunshine can provide powerful 
illum ination.
These two values were chosen to provide the basis of two e s tim ­
ations of the SPD in absolute te rm s.
Evaluation of Sample SPD's in Absolute T erm s
Taking these two cases, the records of the large se rie s  of Putney 
runs were scrutinised fo r runs made under s im ilar consitions. In the 
North facing case, s im ilar runs w ere alm ost exactly coincident with 
the mean of the 150-160 m ired group; for the south case s im ilar runs 
w ere ne'ar the mean of the 170-180 m ired group. The two SPD’s for 
these group means were then expressed in absolute te rm s using the 
j-fac to r calculation described above. The resu lts  a re  given in 
table 12.
A Simple Rule fo r Relating Relative and Absolute SPD's
It was soon noticed in this work that the Y values a re  examined 
for relative daylight SPD's were alm ost constant. If the Y values a re  
examined for the m ired-group mean SPD’s they all lie within "t 1% of 
the mean value; m oreover there seem s to be no recognisable connection 
with the CCT. In view of the variations in daylight illumination the Y 
value for daylight SPD's may be taken as constant; in our calculations, 
on the 10A basis, the mean value is 10692.
The calculation of the j factor for any daylight SPD thus becomes:
Table 14
Group T 6
130 - 140 Mired Range, North Facing.
30 .5 37.4 36 .8 38.9 4 0 .5
4 7 .9 52.1 51.6 53.0 54.0
54.1 63.1 64.1 61.1 65.1
61.0 74 .8 64.7 65.7 72 .3
86.4 83.2 91.9 76 .5 66.3
82.1 88.3 82.6 62 .7 51.1
75.2 79 .7 89.5 78.5 37 .7
105.4 108.7 113.8 115.7 109.9
117.8 98 .7  115.0 118.3 113.2
113.0 108.4 117.2 114.1 109.3
101.3 82 .5  7 9 .6  114.0 115.8
110.8 111.8 120.0 123.5 122.4
127.3 132.9 133.1 126.6 122.9
127.6 128.3 130.8 132.1 130.8
126.7 122.0 124.2 128.7 124.8
126.8 126.9 127.4 127.5 126.5
115.5 120.6 118.3 111.2 116.0
116.8 112.9 111.2 111.6 113.3
113.8 112.2 114.4 110.2 109.4
102.7 103.7 106.2 103.7 107.3
108.1 109.4 110.3 104.0 106.7
105.6 102.9 103.9 105.1 104.6
106.6 106.5 106.6 105.8 106.0
100.0 102.7 100.5 101.5 101.3
97.3 94 .7 94 .8 96 .5 97.3
94.2 94 .8 95 .7 96 .6 97.0
81 .9 86.1 87.2 87.8 88.9
89.1 85.3 86.1 86.2 87.2
97 .8 86 .8 86 .7 86.$ 85.7
86.0 86.0 85.1 84.9 83 .9
80.9 81.0 80.3 80.9 81.3
83.1 82.6 81.5 81 .8 81.9
74 .9 75 .7 75 .5 76 .8 7 7 .7
69.4 70.0 70.2 70.3 71.1
72.0 72.0 71 .6 71.3 70 .5
73.2 72 .7 71 .6 70 .7 67 .3
4 4 .8 46.2 4 6 .5 46 .5 46 .4
43.2 4 3 .9 43 .6 40 .7 4 2 .8
4 2 .7 50.9 51.9 57.5 54.6
73 .8 73.2 69.4 58.0 52 .7
78 .9 82.6 89.7 88 .3 81.8
69.0 82.9 80.5 91.9 99 .7
68.0 69 .8 70 .5 67 .9 67.0
59.9 83.9 81.2 4 8 .7 94 .9
112.6 112.1 105.2 107.2 111.4
115.9 114.0 120.1 112.2 111.6
110.7 107.6 108.4 100.6 106.6
96.7 110.4 119.1 117.1 104.2
124.1 119.0 120.1 128.1 126.8
126.8 125.9 129.7 130.7 126.2
128.4 128.2 126.6 125.1 126.0
127.4 126.1 123.4 126.2 126.9
123.9 119.0 98.3 107.5 115.2
117.9 118.3 119.0 119.5 111.8
111.4 114.0 114.5 112.8 111.2
108.5 110.1 95 .4 101.2 97 .4
108.7 109.0 97.3 102.8 106.8
106.6 110.2 107.1 107.3 108.0
105.3 105.9 106.5 105.2 105.7
106.8 106.2 104.0 104.0 100.4
101.5 98.2 98.5 100.1 96.9
96 .6 95.1 95 .5 95.4 93.2
102.9 94.1 94.1 94.8 88 .7
88.1 88.5 89.3 89.3 89.0
87 .5 87 .8 87.7 87.3 86 .7
86.2 86.0 84.3 85.1 85.4
98.5 82.1 82.9 81 .5 81.1
82.5 82.5 83.4 83.7 84.1
82.2 81.2 79 .6 77 .2 7 5 .8
76 .8 69 .5 63.9 66 .9 68 .3
71.1 71 .6 71 .7 71 .3 7 1 .9
70 .8 71.0 72.0 7 2 .9 7 3 .5
67.1 61 .3 42 .4 4 4 .3 4 4 .6
47 .2 4 7 .6 48 .3 4 8 .3 48.1
x  .3026 
y .3163
F ’
3 k x 10692 m
29and if we take k as 680 lumens per watt m
we find j =  680 x 10692 = F ' X U 375 x 10' ? <15>
By a happy coincidence the number 1.375 is the fraction 11/8. Therefore
if we a re  given a relative SPD based on the value 100 at 5600A, and a re
given the daylight illumination, to find the power received/unit area/10A
wave band for one wavelength, we have only to multiply the figure by
1 1 - 7the daylight illumination and the factor —  x 10 . If the calculation isO
“7 -6based on a 100A block the 10 becomes 10 .
Table 15
Group T 7
140 -  150 M ired  Range, N o rth  F a c in g .
31 .9 32 .9 2 9 .4 31.4 30.4 30 .8 3 3 .7 32.3 31 .4 34 .8
38 .6 4 2 .3 4 0 .6 42 .9 4 5 .6 36 .8 43.1 44 .4 4 8 .5 4 6 .3
4 5 .9 54 .6 55.3 52 .5 55 .6 62 .9 63 .7 60 .9 51.1 4 6 .9
54 .8 67.4 57.5 58 .7 63.1 69.0 72 .9 79 .9 7 8 .4 72 .4
78.2 74 .6 82 .8 69.3 59.0 62 .5 75.0 71 .9 83.1 89.0
7 3 .5 80.6 74 .3 56.6 4 6 .6 62 .6 63 .9 64 .5 61 .7 60 .6
6 8 .6 72.8 81 .7 71 .5 33*9 56.1 78.0 57.0 4 8 .3 88.2
98 .8  101.6 105.9 107.8 103.1 105.4 104.6 98 .6  100.6 104.4
110.1 92 .9  108.4 111.5 106.7  109.6 107.9 113.9 107.2 105.7
107.1 102.9 110.7 107.7  103.8 105.5 103.4 104.5 97 .9  102.8
98.1 81.0  7 7 .7  109.3 110.2 94 .3  106.3 113.4 112.3 101.1
106.3 107.3 114.5 118.2 117.1 118.3 114.2 114.3 122.5  121.5
122.2 128.8 129.2 123.3 118.5 123.7  122.3 126.3 127.3 122.8
123.7  124.1 126.4 127.7 126.9 124.5 124.0 123.2 121.1 122.5
123.3 119.2 120.6  125.5 121.9 124.1 123.5  121.1 123.4 124.5
124.3  124.8 125.2 125.6 124 .7  122.8 118.3 97.1 106.9 114.6
114.3  120.2 118.3 111.2 116.6 118.1 119.1 119.3 120.1 113.2
117.2 113.9 111.7 111.8 113.9 111.2 114.4 115.7 114.0 111.9
114.7  113.1 114.9 111.3 110.1 109.1 110.5 96.4  9 9 .6  96 .4
102.6 104.1 106.8 104.1 107.4 109.4 109.3 9 7 .5  101.6 106.6
108.4 109.3 110.4 104.1 105.9 106.2 109.1 107.1 106.7 107.7
105.8  102.7 103.5  105.1 104.6 105.9 106.2 107.0 105.5 105.8
106.8 106.7 106.5 105.6 105.6 106.1 105.6 103.5 103.2 99 .7
100.0 102.9 101.1 102.0 101.8 102.1 99.0 99 .6 101.8 99.1
99 .7 97.2 96.9 98 .8 9 9 .7 99 .2 97 .5 9 7 .8 97 .6 94.9
95 .8 96 .5 97 .5 98 .6 98 .9 99.2 95 .7 95 .6 96.0 89 .6
82 .7 87 .5 88 .6 89 .5 9 0 .7 89 .8 90 .8 91 .4 91 .5 91 .7
92.2 89 .5 87.6 86 .8 86 .7 86 .8 86.6 86.5 86 .4 86 .3
86.0 85.9 85.6 85.9 84.8 85.4 85.1 83 .8 8 4 .8 85.2
86.1 86.4 86.1 86 .4 85.4 84 .3 82 .9 83 .9 81 .5 80.4
80.3 80.4 80.3 81.1 81 .6 8 2 .8 83.0 83 .6 84.1 84 .5
83 .6 83.3 82 .8 83.2 83.3 83.1 81 .8 80.1 7 8 .9 78 .4
77 .8 78.4 77 .7 78 .7 7 9 .7 7 8 .9 71.2 64 .4 6 7 .6 69 ,3
70 .3 71.2 7 1 .5 72.1 7 2 .7 72 .5 73 .2 7 3 .6 73.1 74.1
74.3 74.2 74.1 74.0 7 3 .8 73 .9 7 4 .6 7 5 .5 7 6 .8 77 .3
77 .7 77 .5 76 .3 74 .6 7 1 .8 69 .7 63 .6 4 0 .3 41.1 4 0 .6
4 1 .4 4 2 .5 4 2 .7 43 .2 43 .0 4 3 .4 44 .2 4 4 .9 4 4 .6 4 4 .3
x  •3063 
y  .3227
CONCLUSIONS
A number of conclusions may be drawn from the resu lts  and the
studies thereof reported in sections 5, 6 and 7. These are  stated below
and a re  set out in the same o rder as the contents of those sections.
Summary of Conclusions
1. The range of CCT's obtained for north facing and south facing 
conditions a re  roughly 11,000°K-5,200°K and 8 ,00Q°K-4, 800°K 
respectively . The much higher values of CCT obtained in some 
other studies (up to 100,000°K o r infinity) a re  never obtained with 
the conditions used in this work, where alm ost the en tire sky was 
viewed; these high values reported  in other investigations re la te  
to north sky light or zenith sky light alone.
2. In common with other w orkers^’ ^ , we have found that the 
relation between the uv and visible content is much less  regular 
than the relation between various regions of the visible range.
3. When a large section of the sky is viewed the effect of the position 
of the sun is , in general, sm aller than might be anticipated; i .e .  
the d irect sunlight and scatte red  sky light to some extent compen­
sate each o ther.
4. In this country, the degree of cloud cover is of little  use in p r e ­
dicting the SPD obtained on any occasion. The position of clouds 
in the sky is  much m ore im portant.
5. The studies of mean chrom aticity with wind direction and tim e of 
day indicate strongly that the SPD of skylight in London is affected 
by the presence of a large amount of diffusing m ateria l in the 
lower atm osphere. It has not yet been possible to make enough
Table 16
Group T 8
150 - 160 Mired Range,
32.9 34.4 32.1 34.6 35.6
3 9 .9 42 .3 4 0 .8 44 .4 45 .4
46 .3 54.3 54.8 51.4 55.3
57.2 63.8 55.8 58.6 61 .9
77.1 71 .9 80.3 69.1 58.8
7 1 .8 79.1 71 .8 55.1 4 6 .6
67.7 70.4 79.1 67.9 33 .5
94 .7 97.3 101.8 103.5 99.6
104.4 89 .5  104.6 106.7 103.1
102.6 99 .5  107.0 101.6 100.2
93.5  75.6  79 .5  102.9 106.2
103.8 104.0 112.0 115.0 114.1
118.8 125.3 124.7 116.9 116.0
119.6 120.8 122.9 124.1 122.7
119.0 114.8 117.3 120.8 117.6
120.6 120.7 121.6 121.6 120.7
113.5 117.4 114.8 110.3 113.8
115.1 111.1 108.7 109.3 110.0
111.4 110.5 112.6 108.6 107.4
102.9 103.7 106.4 103.3 107.4
107.6 109.3 109.8 102.6 105.5
105.2 102.2 103.5 104.6 104.8
106.4 106.0 106.1 104.9 105.4
100.0 102.9 101.3 102.5 102.0
100.5 97 .7  98.2  100.0 101.0
97 .8  98.7  99 .8  100.9 101.2
84.5 88.9 89 .8 90.7 92.0
93 .8 88.6 90.3 90 .9 92.5
92.3 92.1 89.5 91.7 89.8
90 .3 90.5 89.6 89.7 88.7
84 .7 85.0 84.5 85.4 85.8
87.0 87.2 87,2 87 .8 87.9
82.4 83.3 82.9 84.0 85.0
76 .5 77 .3 77 .5 78.1 78 .8
79 .7 7 9 .6 79.0 79.2 78.7
82.0 81.0 80.6 80.7 78 .9
54.1 55.2 55.2 55.2 55 .5
North Facing.
35.5  35 .7  35 .7  33 .4  37.6
36 .8  43.2  4 4 .7  48 .7  4 6 .8
62.4  63.3  58 .8  50.8  4 5 .8
66 .8  72,0  78.2  78.1 72 .6
60.4  73 .4  71 .3  82.7  86.1
62 .7  62 .5  63.6  60 .7  59 .4
55 .6  74 .8  51 .5  50 .8  85.7
99.2 99 .7  94.1 96.0  100.5
104.9 103.2 109.3 101.9 100.8
101.7 99.2 100.9 92 .9  98.2
92 .5  102.9 110.9 108.2 96.5
115.2 109.4 111.7 118.8 117.8
119.1 119.1 122.4 122.8 119.0
120.0 120.4 117.3 117.2 118.6
120.1 118.9 116.5 119.8 120.0
118.9 111.3 95 .8  105.6 111.3
116.4 115.8 117.0 117.5 111.0
108.8 112.6 113.0 110.8 109.8
106.9 108.1 91 .8  98 .9  97.1
108.4 107.8 95 .8  101.8 107.2
106.0 109.2 106.2 106.5 107.1
105.5 106.2 107.0 104.9 105.4
106.0 105.3 103.0 103.0 99.7
102.2 99.3  100.1 102.0 99 .8
100.2 98 .9  99.4  98 .9  96 .7
101.2 97 .7  97 .7  97 .7  90.3
90 .9  91 .9  92 .7  92 .8  93.0
92 .9  93.2 93.4  93.0  92 .8
90.3  89 .5  87 .8  89.1 89 .6
93.0 86.3  87.3  84.7  84 .9
86 .8  86 .6  87.2  87 .8  88.1
87.7  86 .6  85.2 84.1 83.0
84.0 75 .3  71.1 7 3 .9  75 .4
7 8 .5  79.2 79 .4  7 8 .9  7 9 .7
78 .9  79 .6  80 .8  82.1 82 .9
78 .5  70 .9  51.6  53.4  53.4
55.9  56 .5  57.2  57 .5  56 .8
x .3128
y .3263
m easurem ents in the country to determ ine whether or not s im ilar 
phenomena a re  found th e re .
When north facing and south facing m easurem ents a re  made in 
quick succession with steady conditions, the north facing resu lt 
is of a higher CCT unless the sky in completely overcast. Under 
fully overcast conditions there is no discernible d ifference.
When north facing and south facing resu lts  of the sam e CCT are  
compared there is little difference in the SPD obtained, save 
that the uv cut-off is found at a longer wavelength with north 
facers than with south f a c e rs .
Apart from  the question of the diffusing cloud, there appears to 
be no difference between the SPD’ s obtained at Putney and at 
Saffron Walden. No specific absorbtion pattern  could be found 
in the Putney resu lts  that was not found in the Saffron Walden 
r e s u lts .
From  observation of the apparatus working, and from  com parison 
with the resu lts  of other w orkers, there  is no doubt that the 
apparatus was badly lacking in sensitivity at wavelengths g rea te r 
than 7000A. For this reason, the SPD curves recorded a re  shown 
as broken curves above 7000A. M oreover it is felt that since, at 
the tim e of writing, it has not been possible to extend the range by 
the use of other detectors, the resu lts  put forw ard for publication 
should not extend beyond 7 000A.
In many respects our resu lts  confirm those of Winch to a striking 
d eg ree .
Regular system atic differences a re  observed between our resu lts
Table 17
Group T 9
160 - 170 Mired Range
18.7 2 2 .6 22 .0 23 .0 24.2
3 0 .7 34.0 33 .6 36.2 37 .9
39.1 4 5 .6 48 .2 45 .9 47 .2
4 8 .5 59.4 53 .5 54.0 58 ,5
70 .0 67 .7 72.4 63.1 55.2
66 .4 69 .3 65 .3 4 9 .7 4 0 .8
60.2 64 .8 72.3 66.0 34 .4
87 .5 90.6 94.3 96.1 93.2
97 .6 83.5 96 .8 100.4 95.0
92.4 89 .3 95 .9 93 .5 91.1
86.1 69.4 69 .3 93 ,5 97 .5
93 .3 95.4 102.8 106.5 105.5
110.2 117.2 117.7 111.6 107.5
111.6 112.2 114.6 116.0 115.0
113.0 109.2 110.6 115.0 112.0
115.0 115.5 116.3 116.9 116.5
108.4 113.4 112.4 105.9 110.2
111.4 108.7 106.2 105.7 107.2
108.3 107.5 109.0 106.6 105.4
99.5 101.5 104.2 101.8 104.4
106.7 108.0 108.8 103.2 104.5
105.3 103.2 103.1 104.4 104.4
107.1 107.2 106.8 105.3 105.4
100.0 102.3 101.0 101.7 101.5
101.2 99 .3 99.2 100.8 101.9
99.4 100.3 101.3 102.4 102.9
87 .6 90.1 91 .3 92.0 93.1
95.0 93 .6 89 .8 90.2 92 .5
93.2 93 .3 92 .8 93.1 91 .8
90 .5 90.3 89 .8 90.3 89 .6
86 .7 86 .9 86 .6 86 .9 87.4
89,3 89.4 89.2 90.0 90.0
84 .5 85 .9 85 .5 86 .3 87 .5
80 .9 8 1 .7 82 .5 83.3 84.2
85.3 85.4 8 4 .7 8 4 .7 84 .6
87.1 86.0 85.1 85 .6 85.0
58 .5 59 .9 59 .9 60 .6 6 0 .7
North Facing.
2 7 .5 28 .7 26.1 25 .2 2 6 .7
33 .6 36.1 37 .6 41 .2 39 .4
52.9 54 .7 53 .9 4 7 .6 4 3 .5
61 .3 64 .6 7 0 .7 71.0 6 6 .7
55.1 65 .8 6 5 .5 73 .4 78 .3
53.0 55 .7 55 .9 54 .8 54,4
50.4 69 .9 53.1 4 5 .5 77 .3
93.0 91 .9 88.1 89 .5 92 .6
96 .6 9 3 .9 98 .7 92 .5 90 .9
92.0 90.4 91 .9 84 .9 89.1
83 .8 92.4 100.6 100.1 88 .9
105.5 101.4 102.5 109.4 108.5
111.4 110.5 114.1 114.7 110.8
112.9 113.1 111.5 110.5 112.0
113.2 113.3 111.8 114.2 115.3
114.7 108.6 92.1 99 .9 107.3
112.1 112.9 113.4 114.3 107.9
105.1 108.1 110.0 108.7 106.7
104.8 105.5 91.2 96 .9 93 .9
106.0 105.9 95.2 99.0 104.3
105.2 108.2 106.9 106.3 106.8
105.3 105.9 106.8 106.0 106.1
106.1 106.1 104.0 103.5 100.6
101.7 100.1 100.0 102.2 100.6
101.7 101.1 101.2 100.7 98 .6
103.0 100.1 99 ,8 100.5 94.2
92.3 93.2 93 .9 94.2 94 .5
93 .4 93.4 93 .8 93 .6 93 .6
92.1 91.4 8 8 .5 89 .3 89 .6
89.2 88.0 88 .9 8 6 .8 8 6 .7
88 .4 88.3 88.8 89 .5 90.0
89.6 88 .6 87 .3 86.2 85.1
86 .6 80.2 7 5 .5 78 .2 7 9 .9
84.1 84 .6 85.1 8 4 .8 85.2
84 .9 85 .9 8 6 .9 87.2 87.1
83 .8 76 .4 58.2 5 7 .8 5 7 .9
61.2 6 1 .5 63 .0 6 2 .6 62 .3
x .3200
y .3344
± y I
and those of Henderson, of Judd, and of Winch. These a re  thought 
to be due to the m ore detailed curve sampling carried  out in the 
present investigation. Most of the differences a re  sm all enough to 
be insignificant fo r the purposes of colorim etry.
12. This investigation indicates a much higher proportion of n ea r uv 
radiation than was reported by Henderson or Judd, and again confirms 
the resu lts  of Winch. A large num ber of "artific ia l daylight" lamps, 
designed according to Henderson’s resu lts  a re  now being tested under 
field conditions by the BSI; it is rem arkable that the main comment 
of u se rs  is that they do not provide enough uv energy to adequately 
represent daylight.
13. From  comparison of the resu lts  of this study, from  both Putney and 
Saffron Walden, with those of Henderson, Judd and Winch it is 
obvious that for many engineering purposes, if only the visible 
range is concerned, it is safe to assum e that mean SPD's observed 
abroad may be taken as representative of this country.
9.2 Results fo r Publication
As stated above, it is thought that the SPD resu lts  at wavelengths 
above 7000A a re  not sufficiently reliable for publication; it is hoped to 
cover the range 7000-10, 000A in another se rie s  of m easurem ents. The 
lack of uv output of the calibrating lamps below 3200A has restric ted  the 
range over which the uv extrapolation process can be used; it cannot be 
relied  upon below 3300A. Consequently it is recommended that the 
resu lts  published should be re stric ted  to the range 3300-7000A. The 
mean SPD resu lts  for the 10 m ired groups which contain m ore than 10 
runs a re  thus put forward for publication, and a re  set out in full in
Table 18
Group T 10
170 -  180 M ired Range
16.0 18.4 17.7 18.8 19.5
2 5 .6 2 8 .3 28 .4 30 .8 32 .3
2 9 .7 35 .7 37.0 35.0 37.2
4 0 .4 49.1 4 4 .4 4 4 .8 4 7 .4
59.1 57.2 63 .4 53.0 4 5 .0
57.0 61.2 56.3 4 1 .8 34 .9
52 .9 55.1 62 .3 56 .9 26 .2
75 .4 77.2 80.4 82 .8 80 .3
87 .9 72 .8 88.7 90 .5 84.1
86.4 82.4 89.1 86 .9 85.0
79 .9 63.1 63 .5 87.6 91 .7
86 .5 87 .6 96 .9 100.7 99.1
101.7 108.8  108.5 100.7 100.8
106.2 106.8 109.4 111.0 108.6
108.9  105.3 107.2 111.2 107.9
111.2 111.2 112.2 113.0 113.3
106.3 110.2 109.8 104.9 107.8
110.0 106.2 104.3 104.3 105.3
106.7 105.8 108.3 104.6  103.9
99 .9  100.6 103.8 100.9 104.9
105.4 107.2 107.7 100.4 104.0
103.6 101.0 102.2 103.1 102.8
104.8 105.1 105.5 104.5 105.1
100.0 103.1 101.0 101.9 100.9
99 .9  97 .9  98 .5  100.1 101.2
100.4 101.3 102.4 103.6 103.9
86 .9  91 .5  92 .7  93 .8  95.0
97 .0  98 .8  99.0  9 9 .5  101.1
100.0 100.1 99 .6  99.2  96 .5
96.0  96 .3  9 5 .9  96 .6  95 .5
87 .4  87 .7  86 .5  87 .4  88.0
89 .0  88 .8  88 .7  8 9 .5  90.0
8 6 .5  87 .8  88.1 89.1 90 .6
8 4 .7  85 .8  86 .5  87 .3  88 .7
91.1 91.1 90 .6  90 .6  90.2
92 .6  93 .3  92 .4  92 .4  88 .6
6 1 .9  6 3 .8  64 .6  6 4 .9  64 .5
N o rth  P ac ing .
23 .2 2 4 .8 21.1 2 0 .6 22 .0
36 .7 31.0 30 .8 32.0 2 9 .8
4 1 .9 4 3 .7 44 .3 38.1 34 .4
4 9 .8 51 .8 57 .7 59.1 55 .5
4 6 .4 57.4 55 .5 64 .6 67 .9
4 6 .5 47 .2 49 .2 4 7 .3 4 7 .0
4 6 .3 61.0 4 2 .3 39 .3 66 .7
81.0 80 .5 77.0 80 .5 8 2 ,9
86 .7 85.3 91 .4 84 .6 84.0
85 .3 83 .6 86.0 77 .4 82 .6
75 .9 84 .9 93.6 92 .5 80 .5
98 .7 93 .3 96 .5 101.9 99 .5
104.8  104.0 108.3 109.2 104.6
106.8  108.7 105.7 106.2 107.6
108.9 108.6 107.2 111.2 111.5
111.6 104.7  90 .3  100.1 104.4
109.5  109.0 110.0 111.6 105.4
103.9 107.1 108.0 107.1 106.0
103.7 106.0 8 7 .7  9 8 .6  94 .8
105.2 105.0 92 .3  9 9 .6  104.9
104.5 108.5 105.7 106.0 106.3
103.1 103.9  105.1 103.4 103.7
105.9  105.8 103.6 103.6  100.1
101.3 98 .7  99 .7  101.8  99 .4
101.1 100.6 100.9 100.7  99.0
104.0 101.0 101.2 101.9  94.1
94.0  95 .3  96.0  96 .2  9 6 .5
101.3 100.8 101.0 100.7 100.7
97.0 96.0 93.2 94 .4 95.1
94 .9 92 .6 92 .9 88 .3 8 7 .6
89.1 89.0 89.3 89 .8 90.2
8 9 .5 8 8 .7 88.2 8 6 .8 8 6 .8
8 8 .8 80.2 7 8 .7 8 1 .5 8 3 .7
88 .5 89 .3 90.2 89 .8 91.0
90.0 90 .3 91.1 91 .5 9 1 .8
86 .6 80.1 58 .8 6 0 .9 61 .2
65.2 66 .4 68.1 68 .3 6 7 .8
x .3278
y .3409
tables 13 to 24.
In these tables, the resu lts  a re  set out in the same form at as the 
computer print-outs, save that the top left-hand figure is the power 
value for 3300A. The next in the line is 3310A, and so on, up to 
3390A; a new line is started  for each 100A point, and a new paragraph 
fo r each 500A point.
Future Programme
It is hoped to continue this work with four main objects in mind.
F irstly , it is intended to make good the deficiencies of the existing 
technique to adequately cover the range from  3000-8000A. It is hoped to 
cover the ends of the existing range very fully, with two special objects 
in mind. The f ir s t  of these is connected with skin cancer; it is often 
held that this may be caused by occasional "bursts" of sky radiation of 
wavelength below 3000A. The investigation would be designed to 
determ ine how much energy, if any, is received at those wavelengths. 
The second special point is concerned with plant growth - the recent 
discovery of the phytochrome photosynthetic reactions, dependent on the 
SPD in the 6900-7700A region has stim ulated in terest in that region.
Since all curren t studies have been weak in that region, and in view of 
the im portance of the subject, it needs immediate study. This work 
is in p rog ress.
Secondly, it is thought desirab le that a la rg e r  num ber of resu lts  
should be obtained in te rm s of absolute power.
The th ird  object is  the m easurem ent of the SPD of d irect sunlight, 
under particu la r so la r angles. F o r the reasons just given, the SPD at 
sunset is som etim es held to be critica l to plant growth; but there  is no
Table 19
Group T 27
140 - 150 Mired Range,
56.1 3 5 .7 28 .8 29 .8 30 .8
3 5 .9 35.2 35 .3 38.1 3 6 .6
41 .6 4 6 .0 48.2 46.1 50 .9
52 .6 55 .0 53.1 54.3 57.2
71.2 69.4 69.5 64.2 57.5
71.3 72.2 63.9 53 .6 49.2
65.1 66.3 71 .9 58 .4 45 .0
86.1 91.7 97.5 97.7 99.0
95.3 93 .4 99.2 100.7 103.2
100.6 102.0 104.5 99 .8 101.6
93.4 79.1 88.7 93 .7 102.8
105.8 105.4 111.3 114.0 114.9
120.2 125.4 125.7 119.1 119.1
120.8 122.0 123.3 124.8 123.8
120.2 117.0 118.2 120.9 119.9
121.6 121.7 122.7 122.7 121.8
114.5 117.5 114.9 111.3 113.1
114.7 111.7 109.7 110.1 110.0
111.4 111.0 112.8 109.5 108.1
102.8 104.1 106.2 103.9 107.5
107.2 109.3 109.5 103.4 105.5
105.0 102.0 103.3 104.1 104.8
105.6 105.4 105.8 104.3 105.4
100.0 102.1 100.9 101.9 101.4
98.3 95.3 96.2 97.0 97 .8
95.0 95.7 96.9 97.9 98 .4
84.4 87.2 88.3 89.1 90.1
90. 9 82 .7 80. 4 80.7 81.5
81.9 82.2 82.1 82.5 82.3
84. 6 84.8 84.6 84.5 84 .0
80.5 80.7 81.0 81.2 81.7
84.5 84 .4 84.4 84.5 85.1
84.2 83.5 84.1 84.6 85.3
76 .0 76 .6 76 .9 77.3 78 .2
78 .6 78 .7 78.5 78 .9 78.3
83.4 83.5 83.1 83.3 82.5
52 .0 53.1 53.1 53 .0 53 .4
South Facing.
2 6 .7 28 .5 28.2 2 8 .9 3 1 .9
3 4 .8 3 6 .9 3 9 .9 41 .9 41 .0
55 .7 57 .4 53 .9 48.2 44.3
59 .6 68 .6 69.1 70 .7 68.3
58.5 64.0 67 .9 76.1 76.1
56 .6 57.5 60.2 57 .9 5 9 .0
55 .9 60.5 47.5 61.2 71 .7
97.3 97.5 92.7 93 .4 98.3
103.1 103.0 106.5 102.0 101.6
99.7 99 .9 101.9 95 .7 98 .6
98.0 102.5 110.1 108.5 101.0
115.7 111.1 113.9 117.9 118.9
118.4 120.8 122.6 123.9 121.2
121.1 121.1 117.6 118.5 119.8
121.2 120.3 118.1 120.6 120.6
120.2 109.7 98 .6 105.0 110.4
116.3 115.5 117.3 117.6 112.1
109.3 112.8 113.0 111.1 110.8
107.6 107.8 91.9 98.5 97 .7
108.3 107.1 97 .0 102.2 107.0
106.3 109.1 106.2 106.8 107.2
104.8 105.3 106.1 103.7 104.7
105.9 104.6 102.4 102.5 99.5
101.2 98 .4 99.5 100.3 98.3
96.5 95 .4 95.8 94 .8 93 .7
98 .4 96.2 96 .4 95 .8 8 7 .4
89.5 90 .8 91.4 91.3 92.1
82.0 82 .0 82.2 82.2 82 .0
82.6 82 .4 82.2 83.1 83 .6
83 .7 83.3 83 .4 80 .9 80 .6
82 .6 82 .9 83 .8 84.2 84.5
85.4 85.0 84 .6 83 .9 83.2
83.0 75 .7 7 4 .6 73.2 7 4 .7
7 6 .6 77.1 7 7 .9 77 .7 7 8 .4
78 .6 79 .0 80 .0 81 .6 82 .9
81 .9 66 .9 56 .7 51.3 50 .7
54.1 54 .9 5 6 .4 56 .0 55 .7
x .3075
y .3248
detailed knowledge of what happens. The study of sunburn (erythmic 
reactions) also requires knowledge of the SPD of d irect sunlight.
Fourthly, by making a study of the variance of the E . values so
A
far obtained at each wavelength, it is hoped to determ ine whether any 
particu lar wavelengths a re  m ore liable to variation than o thers. Such 
knowledge might indicate the effect on the SPD of absorbing gases in the 
lower atm osphere.
Acknowledgments
The author most gratefully wishes to thank the Science Research 
Council who have supported this work with generous g ra n ts .
Several people have taken part in this work and the author wishes 
to thank especially M r. D. C rystal and Mile. D. Lacam for help with 
experim ental work. He wishes to thank Miss C. Greene, M r. D. Izod, 
D r. S. Prakash and M r. E. George who also participated; and to thank 
M rs. A. Clapp, Miss L. Jones, Miss M. Rowe and Miss L. Ruffell 
for help with the com puter operations.
Finally the author wishes to express his gratitude to M r. H. R. Ruff 
(B ritish Lighting Industries L td .), D r. G. S. Hartley (Fisons Pest 
Control L td .) and Professor V. S. Griffiths (University of Surrey), for 
helpful discussions, and above all, for th e ir  unceasing encouragement.
Table 20
Group T 28
150 - 160 Mired Range
47 .6 44 .8 43.1 38.1 3 7 .4
42.2 43 .7 43.5 47 .4 49.4
44 .8 44.0 49.0 47.2 48.3
47.1 54 .9 54 .0 51.8 56 .0
67 .9 68.5 70.3 66.7 59.9
73 .7 70 .0 68.5 60.7 48 .9
60.3 63.0 70.1 68.2 54 .7
78.3 88.2 93.4 95.0 96.6
95.3 94.8 92.8 98.1 100.6
97.4 97.3 98.9 101.5 99 .4
93.0 85.2 77.5 83.6 100.5
100.2 100.8 105.4 110.0 112.0
115.8 119.0 122.5 120.3 114.7
116.8 117.9 119.5 121.4 121.6
117.0 115.2 113.7 117.8 117.6
118.7 119.8 120.0 120.6 119.6
110.2 115.5 113.7 107.7 111.7
111.9 109.7 107.2 106.8 108.5
110.1 109.0 110.4 107.7 106.1
101.7 103.0 105.1 102.8 106.2
107.1 108.7 109.1 102.4 105.0
104.4 101.4 102.9 104.0 104.3
105.9 105.8 105.9 104 .6  105.2
100.0 102.9 101.4  102.3 102.1
101.1 97.2 97.8  99.5 100.4
97.7  98 .6  99 .6  100.7  101.0
84 .6  88 .9  90.6  91 .4  92.7
98 .7  90.1 87.3 92 .0  89.0
89.2 88.8 88.7 88.7 87 .9
87.5 87 .8 87.5 87.6 86.6
83.7 83 .9 84 .0 84.2 85 .0
87.7 87 .4 86 .9 87.2 87.3
83.0 82 .7 83.3 83.7 84.6
77.4 7 8 .4 7 8 .8 79 .6 80 .8
81 .6 81.8 81 .4 81.3 81 .0
84.7 84 .6 84.6 84.5 83.1
5 4 .9 56 .6 57 .0 5 7 .6 57 .7
South Facing.
3 8 .6 3 7 .4 3 7 .4 3 7 .6 3 8 .6
42.2 40 .0 42 .4 4 3 .6 42.3
54.1 57.3 56.5 49.2 4 6 .0
5 9 .7 63.7 67 .0 7 1 .6 68.5
58.3 61.6 66 .0 70 .6 7 5 .9
49 .6 55 .7 59 .4 57.3 57 .9
46.3 53 .0 60.1 55 .5 56 .5
96.1 96.4 91.9 91.8 93.2
100.0 100.4 101.8 100.5 99.1
94.2 96.8 97 .7 94 .9 96 .0
94.6 95.0 104.1 106.4 102.8
111.3 110.7 109.4 111.3 115.4
114.6 116.8 118.0 120.5 118.6
119.9 117.8 117.5 115.1 116.4
117.5 118.2 116.4 116.8 119.2
117.9 112.9 95.9 101.4 109.0
113.1 114.5 114.3 115.3 109.9
106.5 110.3 111.5 109.3 108.1
105.4 105.8 92.3 96.2 95 .6
107.6 106.2 95 .6 101.4 106.7
105.6 108.8 105.8 106.0 106.6
104.8 105.3 106.1 104.2 105.0
105.8 105.1 102.8 102.8 99.6
102.3 99.1 100.0 101.5 99.2
99 .6 98.4 98 .8 98 .4 96.5
101.1 98.4 97.8 97 .8 93.3
91 .7 92 .4 93 .4 93.7 94.2
89.8 89 .9 90.1 8 9 .8 89 .4
87 .7 87.5 85.9 86.2 86 .8
85 .9 85.0 85 .7 84 .8 83 .9
85 .8 86.2 86 .8 87.3 88.1
87.1 86 .4 85 .7 84.3 83 .4
84.5 81.1 76 .0 7 2 .7 75 .5
80.1 8 0 .8 8 1 .4 81.1 81 .6
81.5 81 .8 82 .8 8 3 .4 84.3
81.0 76 .6 66 .9 55.2 5 4 .0
58.2 59.2 60.5 61.0 60 .4
x .3140
y .3284
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Table 21
Group T 29
160 - 170 Mired Range
66.5 49.5 51.0 45.1 3 7 .4
51 .9 56.2 52.3 58.1 61.3
45.1 49 .4 51 .6 48 .0 50.3
51.3 57.8 52.1 54.1 59.6
68.4 67.8 66.7 63 .0 58.1
67 .4 67.1 64.9 51.2 44 .6
60.6 66.1 70 .0 63.2 4 3 .7
84,5 88.3 92.6 93 .6 93.0
90.6 88.4 89.8 95.3 95.5
92.5 93 .6 95.3 93.5 92.0
86.8 75.5 76 .8 85 .7 95.6
95.5 96.7 102.4 105.5 106.3
111.1 115,8 115.9 111.1 109.4
112.9  114.3 116.4 117.8 116.5
113.3 109.8 111.9 114.9 113.5
116.8 116.1 117.2 116.5 115.8
111.6 112.9  110.3 108.0 108.2
110.2 106.8 104.5 106.1 105.6
108.0 107.9 109.7 106.6 104.2
102.8 103.8 105.1 102.6 106.3
106.9 108.8 108.1 102.3 105.0
103.2 100.6 103.2 103.9 104.8
106.0 105.5 106.2 104.4 105.4
100.0 103.3 101.4 102.8 101.9
99.7 96.6 99.4 101.1 101.6
99.1 99.6 100.7 101.7 101.6
86.0 92.3 92.8 93 .7 94.5
98.4 93.7 92.2 93.1 94 .7
93.0 92.6 92.2 91.9 90 .4
91.0 91.4 90.5 89 .9 89.1
86 .6 86.8 86.8 87.1 87 .4
97.1 88.7 88.6 88.6 88.6
85.2 83.8 86 .7 87.3 87 .0
83.6 84.2 84.4 84 .9 85 .5
85.4 85.1 84.7 84.6 84 .4
86.9 87.5 86.9 87.0 84.5
63.9 66.0 66.4 66.8 66.8
South Facing.
45 .8 42.2 41 .6 43.3 46.2
52.0 45 .7 46.1 46 .9 45.1
56.5 57.8 54 .0 47.1 45.3
60.0 65.6 7 0 .7 69.5 66 .8
54.7 60 .4 66 .4 72.5 75.2
51 .9 58.3 57.1 57 .6 56 .6
46.3 62.1 53 .7 51 .9 66.8
89.4 90.2 87.3 85 .8 90.4
94.3 94.4 97.4 94.5 91 .9
92.1 92.1 92 .9 88.3 89.2
90.9 94 .6 101.2 100.7 93.8
106.8 102.8 103.5 108.1 109.7
110.8 112.5 114.8 116.1 113.0
114.0 114.2 111.3 112.6 112.6
115.1 113.9 112.2 115.4 115.1
113.8 104.2 97 .4 101.0 106.6
112.9 111.0 113.4 113.1 108.4
106.9 110.7 109.7 106.8 108.1
104.5 103.8 91.1 93 .7 97.1
107.2 103.6 95.3 101.9 107.6
105.8 108.6 104.3 105.7 106.1
105.1 105.4 106.1 103.6 105.2
106.1 104.5 102.1 102.4 98.8
101.8 98.5 100.5 101.2 99.3
99 .8 99.0 100.0 98 .7 98 .6
101.1 97 .9 98.3 98.0 88 .4
92 .9 94 .4 95.4 95 .0 96 .6
94 .9 94 .9 95.1 94 .4 93 .9
91.2 90.1 92.7 89.8 100.2
93 .9 87 .6 88 .6 86 .8 86.5
88.3 88.5 89 .0 89.5 89 .8
88.3 87 .4 86.2 85.5 84 .6
86.3 79 .7 75 .2 7 8 .4 82.1
84.6 84 .9 85.5 84 .7 85.3
84.8 85.2 85.8 86.2 86.8
83.5 7 3 .4 65 .9 60.3 62 .8
67.2 69 .0 70.1 70.2 69 .4
x .3198
y .3331
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Table 22
Group T 30
170 - 180 Mired Range,
101.1
3 2 .4
91.3
31.2
102.9
31 .2
4 5 .0
32 .7
39.1
3 0 .6
3 6 .0  
45.4  
54.2
5 1 .0
55.1
3 9 .6
41 .7  
51.2 
56.2 
57.1
3 7 .9
3 8 .8
48 .6
45 .4
59.1
3 5 .8
44.5
45.7  
35.1
40 .7
42.1
47.3
43 .7
36 .7  
3 1 .9
73 .6 7 5 .4 79 .7 7 8 .6 79 .7
74.2
7 9 .0  
7 3 .9
89.0
74 .6
82.4
59.3
87.0
82.5
84.2
78 .7
95.1
81.0
75.2
77 .8
96.6
83.1
80.2 
83.4  
96 .9
103.8
105.5
107.3
112.6
110.4
110.2
108.8
103.4 
111.0
109.5
107.2
110.0
108.6
113.7
105.4
97 .9
111.4
108.5 
112.2
106.2
104.4
109.1 
107.7 
111.3
104.2
108.0
103.8 
102.3
103.8 
101.6
102.7
104.8 
101.7 
108.0
99.0
100.8
107.7
103.8 
106.1 
102.6
103.8
102.9 
99 .8  
99.5
102.5
101.2
100.6
105.9
103.1
104.5
104.8
100.0
98.1
98 .9
90.3
104.2
102.0
94.7
99.5
95.0
105.6
100.7 
99 .0
101.0
94.8
103.0
102.2
99.8
101.8
96.1
104.9
100.9  
100.2 
101.7
95 .9
94.1
94.8  
94.5
88 .9
91.2
94.0  
95 .6
9 4 .0  
88.9  
91 .4
94.0
94.5
92.8
89 .4
92.2
96 .6
93 .0
92.4
90.0
92 .4
97.5 
92.7
91.6
90.5
92 .6
90.2 
88.5
90.7
92.2
66.7
89.2
89.3
90.0  
91 .9
69.1
90.2
89.4
89.1
91.0
69.6
91 .7
89.5
89.3 
90.0
69.3
91 .7
90.3
89.0
89.5
69 .9
South Facing.
41.3
2 8 .4
2 5 .8
3 1 .8
2 4 .0
34 .2
2 4 .6
3 3 .8
2 8 .7
34 .5
46.3 
46.1
44.3 
47.9
50.3
4 4 .6
56 .5
4 8 .8
45.3
54 .0
3 7 .8
55 .0  
53.5  
46 .4
31.1
3 4 .6  
52.5
6 2 .7  
46.1 
5 4 .0
3 2 .7
5 1 .7  
55 .6  
46 .4
66.8
75.2 7 5 .7 73 .4 74.1 81.3
81.5
81.2
81.7
98.9
81.5 
80 .4  
86.7
90 .6
8 4 .8
84 .0
92 .7
97.5
79 .2
76 .2
88.2 
100.8
79.4
7 9 .5
7 9 .6  
101.7
101.7 
106.3 
110.6  
110.2
110.8
106.4
109.9
108.0
95.8
106.3
107.4
102.2
106.0
95 .8
110.3
107.9
107.3 
112.0
101.3 
110.1
105.6
107.7
109.2
102.3
105.3
104.5 
102.2
104.5
104.5 
103.7
108.6
102.2
101.4
108.0
104.1
105.9
85.5
92 .6  
101.5 
105.0
103.0
93 .4
101.5
105.4
101.8
106.3
97.3
107.6
104.7 
104.2
105.4
100.2
97.8
100.1
94.6
99 .7
97.5
97 .7
98 .6  
97.1
101.4
100.1
99 .0
99 .8
97.2
101.6
99.0
96.5
97 .6  
96.5
98 .7  
98.3
96.7  
85 .5
101.1
97.4
93.3 
90.8
91.5
92 .4
97 .4
90.5  
91.2
91.5
91.5
97 .6  
91 .0
90.5
92.5
90 .7
96 .8  
93 .4
87 .9
93 .0
90 .0
96.6
93.2
89 .0
92 .0  
87.5
87.0
89.7  
89.6  
88.5
7 0 .8
76.2
90.1 
90 .4  
61 .9
73.1
8 1 .9  
90 .6
91.4
61.5
7 3 .9
85 .8  
90.3
9 1 .8
60 .7
7 3 .7
87.3
91.3
92.3 
64.2  
73 .0
x .3275
y .3409
Table 23
132*1
26 .7
3 1 .0  
3 8 .9
47 .7
45 .6
49.3
67.0
67.4
73.1 
67.3
83.2
95 .6  
100.9 
102.1  
106.7
104.1
104.4 
103.3 
100 .0
103.1 
100 .6
104.5 
10 0 .0
97.8
98 .6
91 .7
95 .6
95 .8  
96.1
89 .9  
93 .0
91.5
89 .8
92.8
96 .7
67.3
Group T 31
180 - 190 Mi red Range, South Facing.
57.6 69.0 46.1 38.2 2 7 .6 2 1 .4 20.1 20 .5 2 3 .7
25 .0 2 4 .9 2 6 .4 24 .5 25 .2 2 6 .9 29.3 2 9 .0 29 .3
3 2 .4 3 1 .4 3 0 .0 35 .2 3 7 .8 3 6 .0 30 .7 2 9 .0 3 2 .5
35 .2 3 3 .4 3 8 .0 40.1 3 9 .7 4 8 .0 46 .6 44 .7 45 .0
44.3 41.5 39 .5 3 8 .8 39 .5 4 2 .9 48.1 55.2 47 .7
48 .4 38 .5 3 0 .6 3 3 .6 42.3 3 9 .9 40 .4 40 .4 41 .9
51.1 50 .8 35 .5 2 9 .9 47.1 4 7 .4 2 9 .0 51 .0 62.7
68.2 71 .8 71.0 7 1 .6 66.9 67.3 65.7 67.1 73.1
68 .4 7 5 .9 74 .5 7 5 .9 7 4 .4 74.7 77 .4 72 .8 7 2 .6
75 .8 77.1 70.3 73.5 75.2 74.3 76 .6 70.1 7 2 .7
55.8 69.2 7 5 .7 78 .0 75.2 81.1 87.0 82 .9 74 .9
83.5 90.3 88.3 91.6 92.7 87.1 92.2 93.3 93.2
100.8 97 .9 94.5 97.8 95.2 100.8 99.4 99.1 100.0
103.2 101.3 101.9 103.5 101.7 103.7 98.7 101.8 102.7
98.4 102.9 104.1 102.2 104.9 103.0 101.5 106.5 105.3
106.2 107.9 107.2 106.1 103.8 93 .7 88.2 97.2 99 .4
105.7 100.9 99.6 101.8 105.5 103.4 105.9 105.4 i o o . 7
99.8 98.7 101.1 100.7 101.6 105.6 104.1 101.9 103.6
103.6 105.7 101.0 99.7 100.6 98 .8 84 .4 94.2 94.2
100.1 101.8 98.5 104.3 103.4 99 .7 91.5 100.8 105.5
106.7 104.7 98.7 103.0 104.2 106.9 101.7 104.8 103.8
98.8 101.8 102.1 103.6 103.4 103.7 104.2 101.9 103.9
104.2 104.9 103.1 104.7 104.9 103.3 101.4 101.2 98.5
101.9 100.4 101.6 100.8 99 .9 97.6 99 .7 99.2 98.5
95.5 98.8 99 .6 99.8 97 .9 97.8 98 .8 96.5 96 .8
99.6 101.1 101.9 102.0 100.7 99.5 100.5 97.4 86 .9
95.6 95 .9 96.9 96 .9 95.9 98.1 97 .9 97.3 97 .9
93.9 94.4 9 7 .0 97.7 97.7 97 .9 98 .0 97 .4 97.2
96.6 95 .4 94.5 94.7 94 .6 92.1 93 .0 94.8 94 .6
95 .4 94 .6 93 .9 92.9 92.3 92.6 91.2 88 .6 89.3
89 .8 91.0 91.2 92.1 92.8 93 .0 94 .0 94.3 93.3
92.8 93.5 93 .9 93 .8 92.8 92.0 91 .7 90 .7 88.3
89 .7 91.8 92 .6 91 .8 86.2 77.1 83 .8 87.5 88 .6
90 .4 90.5 90 .4 91.2 90 .8 91 .4 92.3 92 .4 92 .9
92 .8 92.1 92.3 91.7 92 .7 93.4 94 .7 95 .4 96 .4
95.5 94.5 92.8 91 .0 87.3 60 .9 59.1 6 3 .4 64 .6
70 .7 71.2 71.2 7 1 .8 73.2 7 5 .9 77 .0 7 6 .4 7 5 .7
x .3334
y .3474
Table 24
Group T 32
190 —  200 Mired Range
161.4 81.8 94 .6 57 .6 61.2
22.3 20 .8 2 1 .6 22 .7 20 .5
26 .6 2 8 .7 2 8 .7 2 6 .7 3 2 .8
36.1 30.1 28 .5 3 2 .6 35 .2
44 .6 39 .2 3 3 .9 32 .2 34 .3
3 8 .8 43 .0 3 1 .9 2 4 .9 28 .5
44.3 45 .4 45 .6 2 6 .6 25.2
61.2 62.2 66.5 65.0 66.8
59.3 62.7 69.2 66.3 69.8
65.4 70.3 7 0 .7 61.2 67.2
62.7 48 .9 70 .9 66 .9 69.5
77.3 7 7 .6 84.1 85.2 84 .6
91.6 97.7 95.0 85 .7 93.1
93.7 97.2 98.7 99.6 97.3
96.8 92. 6 98.1 96 .8 95.9
101.2 100.1 103.2 102.0 101.3
102.2 102.3 97.1 99.4 97.4
102.7 97.4 95.6 98 ,9 96.0
99.2 100.1 103.5 98.7 96 .9
99.2 99 .0 101.2 96 .4 103.1
100.1 105.4 103.0 97.0 100.4
99 .4 97.2 100.9 100.0 103.3
103.8 103.0 104.9 102.5 104.2
100.0 100.9 100.3 101.6 100.6
97 .4 93 .9 98.3 98.5 99 .0
98.7 99 .6 101.6 102.3 102.5
94 .6 97 .4 97.5 98.3 98.2
96 .0 94 .8 94 .6 97 .8 98.7
96.9 98.2 97.0 94.9 96 .4
98.7 97.5 97.2 96.4 95.4
93 .4 93.0 94 .9 94.8 95.8
98.0 98.0 98 .8 98.7 99.1
98 .9 97.5 99.7 101.0 100.5
98 .4 98 .6 98 .8 98.4 100.0
121.9 100.7 99.9 100.6 100.0
103.8 104.7 103.5 101.5 101.9
76 .8 81 .6 82.5 82 .6 83.7
South Feeing.
35.1 18.2 17.2 16 .8 20.1
23.2 2 4 .4 2 6 .4 25 .2 25 .5
3 4 .9 33.1 2 6 .7 26.3 2 5 .0
3 3 .0 42 .9 40.3 37 .5 3 9 .0
3 6 .6 3 7 ,0 4 1 .4 49 .0 40 .5
3 7 .8 33 .5 3 4 .5 3 4 .8 36.1
45.2 44.3 2 0 .4 48 .8 5 8 .9
61.3 61 .0 60.3 6 0 .0 6 7 .6
68.3 68.2 70 .6 65 .9 65 .7
68.9 68.5 72.2 64 .6 66 .6
71 .7 74 .5 80 .0 76 .5 68.5
85.7 78.1 85.1 8 7 .6 89 .0
90.4 95.2 96.3 95 .6 93 .8
95.0 99 .8 91.8 96 .4 97.6
99.3 97.0 94.9 101.2 98.4
100.7 87.2 8 7 .6 95 .4 93 .7
103.5 98 .4 102.5 103.5 99.4
98.5 104.0 101.0 97 .9 102.0
98.6 98 .9 80 .5 89 .7 93.5
100.7 97.2 89 .0 98 .6 105.0
102.1 105.9 98.5 103.7 102.3
102.2 102.6 103.9 100.5 103.0
104.7 102.8 101.1 101.2 98 .8
99.2 97 .4 100.0 98.0 98 .4
96.0 96.5 98.0 95 .0 96.2
100.4 100.2 101.3 99.2 8 6 .9
97.7 99.9 99.8 98.5 99.6
98.2 98.5 98.7 98.3 98 .4
96 .6 93.4 95.1 97 .6 96 .9
94.8 95.8 93 .8 91 .7 93.2
97.0 97 .0 98.7 99.2 98 .0
98.5 97 .6 97.5 97 .7 94 .6
94.5 81 .0 92.2 96 .0 96 .7
99.7 99.3 100.6 100.0 100.7
100.9 101.5 102.8 103.4 104.3
101.6 57 .4 68.5 7 0 .6 72 .7
85.3 88 .4 89 .0 88 .4 87 .4
x .3409
y .3527
Arthur W. S. Tarrant*, Lo n d o n:
S o m e  M e a s u r e m e n t s  o f  t h e  S p e c t r a l  D i s t r i b u t i o n  o f  
E n e r g y  o f  D a y l i g h t
DK 535.232.1 
535.625.2
551.521(421+426.7)
Es wird uber zwei Serien von Messungen der spektralen Strhlungsverteilung 
von Tageslicht in einem stadtischen und einem landlichen Bezirk in England be- 
riditet.
On donne un rapport sur deux series de mesure de la repartition spectrale du 
rayonnement diurne dans deux regions urbane et rurale d  Angleterre.
Two series of measurements of the spectral distribution of daylight in an 
urban and a rural location of England are reported.
1. I n t r o d u c t i o n
Two series of measurements of the spectral distribution of energy of 
daylight have been made. In the first, measurements were made in Lon­
don during July, August and September of 1963 and in the second 
measurements were made both in London and in a rual location near 
Saffron Walden in Essex, during September und October of 1964. For 
convenience the 1963 series will be referred to as Series 1, and the 1964 
series as Series 2.
The measurements were made by a “sequential comparative*4 method. 
The light from the sky was passed into a monochromator, from which a 
narrow band of wavelengths emerged and fell on the sensitive surface of 
a photomultiplier. The wavelength scale of the monochromator was 
advanced at a constant rate whilst the photomultiplier output was measur­
ed with a recording potentiometer. The apparatus was calibrated by using 
light from standard illuminant A, and assuming that its energy distribution 
was that of a Planckian radiator of 2854° K. In practice, a calibration run
* The Battersea College of Technology, London.
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was made at the beginning of each day’s work, and up to five sky runs 
were then recorded; another calibrating run was made at the end of the 
day and was compared with the original one to see if all the relevant 
instrumental factors had remained constant.
The light from the sky was sampled by pointing the monochromator at 
a large plate of roughened ‘Vitrolite* white opal glass which was mounted 
so that it was at 45° to the vertical, which was facing either true North 
or true South; the light was taken from the Vitrolite in the horizontal 
plane. This arrangement was chosen to represent the conditions occuring 
when sunlight falls on a sloping roof, as used in factories or green-houses. 
Separate results for “North facing conditions” and “South facing condi­
tions” will be shown.* In all cases the sample taken was that occurring 
naturally, i.e. no attempt was made to shield the screen from direct 
sunlight.
2. A p  p a r  a t u  s
The monochromator used was of the Optica CF4 type which uses a 
diffraction grating with 600 lines per millimetre. This instrument has the 
advantages of (a) a linear wavelength scale and (b) its wavelength cali­
bration in the variable temperature conditions of open-air work is remark­
ably constant. The wavelength scale was moved by means of a constant 
speed servo motor operating through reduction gearing; a further gear 
train caused an electrical contact to be closed at each 10 nm point, so 
that these points could be marked on the actual curve drawn by the 
recorder. In the majority of the measurements the t o t a l  width of the 
monochromator transmission band was 0.8 nm but in some measurements 
it was necessary to use 1.2 nm.
The photomultiplier used was an E.M.I. type 9558 which is of the end 
window “Venetian-blind” form. The specimen used in Series L unfor­
tunately did not have much sensitivity at wavelengths larger than about 
660 nm, but that used in Series 2 operated satisfactorily up to about 
730 nm. The recorder used was a Honeywell-Brown machine whose full- 
scale deflection time was 0.25 seconds. Corrections were made automati­
cally for variations of sky luminance during the course of a scan. This was 
done by using a second similar monochromator, set to a fixed wavelength 
of 560 nm, and taking the output signal to provide the reference voltage 
for the Brown recorder. This technique could not, of course, make correc­
tion for any change of dristibution during the course of a scan.
In Serie 1, the passage of each 10 nm point of the monochromator wave­
length scale caused a pulse to be injected in the measuring circuit, thus 
producing a ‘pip’ on the trace. The readings at the 10 nm point were read 
off by visual inspection, any zero error was corrected, and the reading 
was then manually punched on paper tape so that the calculation of the 
energy distribution and sky colour could be carried out in a simple
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computer. In Series 2, readings were taken automatically at each 1 nm 
point by means of a digitiser attached to the recorder, operated similarly 
by an electrical contact on the monochromator made at each 1 nm point. 
In this case, the readings were punched automatically in paper tape.
3. T r e a t m e n t  o f  R e s u l t s
The energy distribution and corresponding chromaticity were calculated 
by computer in all cases. It was necessary, for Series 2, to calculate the 
Planckian distribution for 2854° K at 1 nm intervals and to similarly inter­
polate the C.I.E. distribution coefficients; this was also done by computer. 
Results were thus obtained at 10 nm intervals in Series 1 and 1 nm inter­
vals in Series 2.
The results for Series 1 were not as they originally stood representative 
for colorimetric purposes since the band width was much smaller than 
10 nm; some readings, e.g. 430 nm, fell near very deep troughs in the 
solar spectrum (i.e. F r a u n h o f e r  lines) and so that reading was not truly 
representative of the wavelength interval 425—435 nm. However since 
the spectrum had been scanned at constant rate and drawn on a chart 
moving at constant rate it was possible to integrate the area under the 
curve, and to derive a factor relating that to the actual reading. These 
factors were very nearly constant for a large sample of the runs, so a 
constant value was assumed for each wavelength concerned and was used 
subsequently to correct all readings of that wavelength. We call these 
factors “block factors”.
100 -
370 400 A  4 3 0 460 490 nm
Fig. 1: Typical spectral energy distribution over the range 370-490 nm
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In Series 2, results were obtained at every 1 nm, and so we have 500 
of them in the range 300—800 nm; the spectral curve is extremely com­
plicated and a typical example is shown in fig. 1. For the purposes of 
comparing our results with those of other workers we have “agglomerated” 
our readings into 10 nm blocks, e.g. for the band 425— 435 nm we have 
added together all our readings from 426— 434 nm plus i  that of 425 nm 
and \  that of 435 nm.
The assumption that standard illuminant A is a Planckian radiator does 
not hold good for the ultra-violet region which was covered in Series 2. 
Unfortunately there has not yet been sufficient time or effort available to 
set up more appropriate reference sources for this wavelength region, so 
an extrapolation technique has been adopted to determine the necessary 
correction factors.
4. D i s c u s s i o n  o f  R e s u l t s
The C.I.E. chromaticities of all the energy distributions observed were 
calculated and are shown in fig. 2. There is a considerable degree of 
scatter, but there are no results corresponding to very high colour tem­
peratures; that is to be expected since our collection conditions embrace
.38-1
34- 5500 K
6500 K
7500 K
30-
.38.26 .34.30
 ►x
Fig. 2: Chromaticities of all the energy distributions observed
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Fig. 3: Chromaticities of 43 measurements of Series 1
Means:
A =  clear sky; B =  partly clear, partly clouded; C =  completly overcast sky 
The indexes n and s refer to ‘‘North facing" and ‘‘South facing" respectively
almost the whole sky. The two series were by no means randomly 
distributed; the Series 2 points nearly all lie in the range of correlated 
colour temperatures 4,500 to 6,500° K, whilst the Series 1 spread more 
evenly over the 5000—9000° range. It is presumed that this is entirely 
fortuitous — in other words we have nothing like enough samples yet to 
give a typical mean result.
We have been able to work out mean chromaticities corresponding to 
various sky conditions for Series 1, in which 43 separate distributions were 
measured; we have not yet had time to do this for Series 2. The Series 1 
results are shown in fig. 3. The points An and As indicate the mean 
chromaticities for clear sky conditions with our apparatus “North facing” 
and “South facing” respectively; Bn and Bs do likewise for conditions 
where the sky was partly clear and partly clouded, and Cn and Cs refer to 
completely overcast conditions. It will be seen that the Cn and C8 points 
are close to each other, which indicates that the sky is acting as a nearly 
perfect ‘uniform diffuser* on overcast days.
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O u r  r e s u l t s  h a v e  b e e n  c o m p a r e d  w i t h  t h o s e  o f  H enderson a n d  
Hodgkiss. B e c a u s e  o u r  s a m p l e  i s  m u c h  s m a l l e r ,  t h e r e  i s  n o  p o i n t  i n  p u t t i n g  
o u r  m e a n  r e s u l t  b e s i d e  t h e ir s ;  h o w e v e r  o u r  S e r ie s  1  m e a n  r e s u l t  h a s  b e e n  
p l o t t e d  w i t h  a  c u r v e  o f  t h e ir s  w h i d i  r e la t e s  t o  a  s im i la r  n u m b e r  o f  r u n s  
w h o s e  m e a n  c o r r e l a t e d  c o lo u r  t e m p e r a t u r e  w a s  n e a r  t o  t h a t  o f  o u r  S e r ie s  1 . 
T h e  f ig u r e  f o r  t h i s  g r o u p  o f  H enderson’s w a s  6 4 4 0 °  K  a n d  f o r  o u r  
S e r ie s  1 i t  w a s  a b o u t  7 1 5 0 °  K ;  t h e  r e s u l t s  a r e  s h o w n  i n  f ig .  4 .  W h i l s t  t h e r e  
i s  g o o d  a g r e e m e n t  o v e r  t h e  c e n t r a l  p a r t  o f  t h e  s p e c t r u m ,  o u r  r e s u l t s  f a l l  
m u c h  l o w e r  i n  t h e  r e d .  T h e  p e r f o r m a n c e  o f  o u r  d e t e c t o r  w a s  n o t  g o o d  i n  
t h e  r e d ,  b u t  e v e n  s o  t h e  l a r g e  d i f f e r e n c e  s e e m s  s u r p r is in g .
Group E 3100
Series
700 800 nm300 400
Fig. 4: Results of Series 1, in comparison to the results of
H e n d e r s o n -H o d g k iss  g r o u p  E 3
T h e  r e s u l t s  o f  S e r ie s  2  a r e  s h o w n  i n  f ig .  5 ,  t o g e t h e r  w i t h  t h e  r e c o m m e n d ­
e d  c u r v e  o f  t h e  C . I .E .  c o m m i t t e e  E - l . 3 . 1 .  S i n c e  t h e  ‘a g g l o m e r a t i o n ’ t e c h n i ­
q u e  w a s  u s e d ,  o u r  r e s u l t s  s h o u l d  r e a l l y  b e  p r e s e n t e d  a s  a  h i s t o g r a m ,  b u t  
f o r  t h e  s a k e  o f  c la r i t y  t h e  p o i n t s  h a v e  m e r e l y  b e e n  j o i n e d  t o g e t h e r .  T h e  
g e n e r a l  s h a p e  o f  t h e  c u r v e  i s  d i f f e r e n t  b e c a u s e  o u r  s a m p l e  w a s  d i f f e r e n t  
f r o m  t h e  s a m p l e  o n  w h ic h  t h e  E - l . 3 . 1  c u r v e  w a s  b a s e d ,  b u t  t h e  d e t a i l  
s h a p e  i s  a l m o s t  i d e n t i c a l ;  i n  o t h e r  w o r d s  t h e  d e t a i l  s h a p e  o f  t h e  p r o p o s e d  
C .I .E .  c u r v e  i s  c o n f ir m e d .  T h e  S e r ie s  2  m e a n  r e s u l t  i s  a l s o  c o m p a r e d  w i t h  
o n e  o f  H enderson’s g r o u p  m e a n  r e s u l t s ,  o f  r o u g h l y  e q u i v a l e n t  c o r r e la t e d  
c o lo u r  t e m p e r a t u r e ,  i n  f ig .  6 .
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Fig. 5: Results of Series 2, together with the recommended curve of CIE-E-1.3.1
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Fig. 6 : Results o f  Series 2, in comparison to H e n d e r s o n -H o d g k iss  group E 2
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The mean results obtained in Series 2 for the rural and urban locations 
have been compared at each of the 500 wavelengths recorded. There is no 
indication that the distribution pattern is in any way radically different, 
i.e. no absorption bands were found in the urban location which did not 
occur in the rural one.
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